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“The reasonable man adapts himself to the world;  the unreasonable one 

persists in trying to adapt the world to himself. Therefore, all progress 

depends on the unreasonable man.” 

George Bernard Shaw. 



 

Abstract 

 
Purpose &  Background: The research aim is to develop a strategy for the Galway medical 

device cluster based on the voice of the industry and academic literature. The thesis focuses on 

developing a successful strategy for the medical device cluster in Ireland by studying the 

cluster’s evolution, strengths, weaknesses, opportunities and threats. A globally ageing 

population means spending on health care grows year on year (Gregersen, 2014). Counter- 

intuitively, this puts pressure on governments to reduce their spending on medical devices, 

which results in declining prices (Wilson, 2019). Companies in the Galway medical device 

cluster face the challenge of a growing market, lowering sales prices and increased regulations 

(McKernan and McDermott, 2024a). Medical device firms in Ireland are faced with a strategic 

decision of whether to reduce costs to remain competitive, or find a differentiated strategy to 

compete. Firms have been shown to congregate together in industrial clusters. These clusters 

offer competitive advantages; most innovations, jobs and exports originate in industrial clusters 

(Porter, 1996). The thesis investigates if clustering can be part of the competitive strategy for 

medical device companies in a high-cost location facing declining prices. 

Design/Methodology/Approach: The thesis combines a systematic literature review with 

mixed-methods research. A semi-systematic literature review is utilised to review the academic 

literature related to clusters, databases and statistics, with a particular focus on MedTech 

clusters, cluster theory and the Irish MedTech clusters evolution. Qualitative semi-structured 

interviews (SSI’s) were conducted to gain insights into the Galway medical device cluster. The 

Regional Entrepreneurial Accelerator Program (REAP) was adapted as a theoretical and 

practical model in which to analyse the cluster. Themes of human capital, funding, demand, 

infrastructure, culture, and incentives are used as part of a framework to analyse the cluster and 

make recommendations for the cluster. The Delphi technique was used to verify the 

recommendations. 

Findings: A few large multinationals dominate the Medical Device industry. Results 

show the majority of the medical device cluster in Ireland is focused in a small geographic 

space centred in Galway City. The cluster was formed by Foreign Direct Investment (FDI) 

mainly from US companies in the 1990s (Ryan and Giblin, 2012; McKernan and McDermott, 

2024a). The companies have expanded their remit and have grown into campuses (Walsh, 

2021). Startups have spawned from FDI firms, resulting in Galway’s medical device startup 

rate being ten times the average for Ireland (Chatterji, 2009). 
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The cluster has some positive indicators: innovation, for example, as measured by patents 

granted, are steadily increasing, and exports have grown by 50% from 2011 to 2021. There are 

also some concerns for the cluster. Recent changes in EU medical device regulations have meant 

that it now takes longer to launch a product in Europe than in the USA (in the 1990s, Europe 

was a faster location in which to launch products), and Ireland is no longer a low-cost country 

(McKernan and McDermott, 2024a). 

Existing MedTech multinationals find it  difficult  to introduce truly differentiated devices. 

Many multinationals, after 100 years, still operate in the same therapeutic area in which they 

were founded. Established Irish MedTech firms suffer from the innovator’s dilemma, as it has 

proven difficult for established profitable firms to create products for new categories of medical 

devices (Chatterji, 2009). FDI firms overcome the innovator’s dilemma by buying start-ups. 

The research has identified several opportunities for improvement in the cluster, for 

example, better clinical access. A specific strategy to improve the health of the ecosystem needs 

to be created and agreed upon by all actors in the ecosystem. Entrepreneurs should be 

represented, and their views given extra weight to drive the cluster’s expansion (Feld, 2020). 

Clusters can be created in many ways, not just in the classic Western university-centred 

cluster types proposed by the triple helix theory (Hemmert et al, 2019). Clusters, particularly 

in small open economies, may lack the determinants of competitive advantage that Porter’s 

Diamond suggests are essential; for example, the Galway cluster does not have local demand. 

The case of the Galway cluster indicates that the proximity and collaboration of competing 

firms matter to cluster success and health. 

Implications: This study has implications for the policy of clusters in general, and for 

the Irish MedTech cluster in particular. Investment and government resources should not be 

dissipated equally across a nation. FDI needs to be focused and targeted towards regions where 

there is some clustering effect already in existence. Focusing FDI in clusters gives the best 

chance of a return on investment and leads to the creation of wider benefits for the region 

(Rosenthal & Strange, 2003). Government-sponsored supporting infrastructure placed at the 

heart of clusters can ensure continued expedited success and growth. A strategy for a cluster 

needs to be continually reviewed, and where areas of weakness are identified, actions should be 

taken to fill gaps in the supporting infrastructure. Governments should ensure that cluster 

reviews do happen, but entrepreneurs are the key group who should shape a cluster’s strategy. 

Fundamental to the health of a cluster is the recycling of entrepreneurs.  

 

 

While many actions to improve the cluster are local, taxation is an example of where 

national action is required. Tax policies on capital gains discourage entrepreneurs from 



 

reinvesting. Current capital gains tax makes the selling of startups either overly complex or tax 

inefficient with entrepreneurs potentially facing effective tax rates of 99%. It is encouraging 

that clusters can be created even when there appear to be few favourable factors. 

FDI in the Galway cluster will seek to add value to their wider multinational 

organisations by increasing their remit and moving up the value chain. This strategy involves 

investing in capabilities for the manufacturing site, and over-hiring, to ensure that the site has 

capacity for growth (Walsh, 2021). Many of the actions required for a firm’s long-term survival 

are directly opposite to a cost-cutting strategy. Firms do not compete in isolation; being part of 

a dynamic cluster provides a competitive advantage and gives firms the best opportunity to 

implement a differentiated strategy successfully. The rate of improvement of any cluster 

determines its long-term success (Porter, 1998). A vision of the idealised future state of the 

cluster aids in enabling actions to achieve the cluster’s future state. 
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1. Introduction 

1.1. Introduction 

Advanced small open economies compete for global investments against other regions 

that can often provide better factor conditions, for example a lower cost of labour. Researchers 

such as Delgado et al. (2014), Miller and Acs (2017), Porter (1990), and Tartari et al. (2021) 

have established that competitiveness is highly localised and focused on clusters of similar 

industries. “The phenomenon of industry clustering is so pervasive that it appears to be a 

central feature of advanced national economies” (Porter, 1990: 149). Ireland has created a 

successful medical device cluster based mainly around the city of Galway, initially  established 

by Foreign Direct Investment (FDI) and encouraged by government policies and 

the availability of skilled labour (McKernan and McDermott, 2022). 

Despite the importance of the clustering effect, the definitions of clusters and strategies 

to improve a cluster remain poorly defined (Van Egeraat, 2018). This research aims to develop 

a strategy for the Galway medical device cluster based on the voice of industry and academic 

literature. This chapter will provide an introduction to the research by first discussing the 

background and situational context, followed by the scope of the project, the research aim and 

objectives, the significance of the study and finally, the limitations. 

 
 

1.2. Background and motivation for  the study 

The researcher has worked in the medical device industry for over twenty years, mainly 

in the areas of Operations and Manufacturing. This included working on medical devices, such 

as cardiovascular stents, critical care, intravenous access, pain relief, and a range of minimally 

invasive delivery systems. Within the sector, he has been responsible for strategy development 

and deployment in manufacturing facilities in Ireland and internationally. Being a member of the 

board for MedTech Ireland has motivated the researcher to consider what strategy should be 

applied to the wider industry. 

Ireland has had a strong medical device manufacturing cluster since the early 1990s 

(Irish Medtech Association, 2020). The global medical device industry is thriving, with global 

healthcare spending representing 9.8% of global GDP at US$8.5 trillion (World Health 

Organisation, 2021a). High-income countries account for 80% of the global spending, with the 

USA and EU combined representing 65% of the medical device sector spend, according to the 

MedTech Alliance for Global Internationalisation (2021). 



38  

The demand for medical devices globally has aided the establishment of a medical 

device manufacturing cluster in Ireland. Ireland’s MedTech cluster is seen as a significant 

success and was initially triggered by foreign direct investment from USA multinationals in 

the 1990s (Brazys and Regan, 2021). Ireland has the highest percentage of people employed in 

Medtech of any other European country, being 3 times that of the employment in Medtech of 

Germany and 5.5 times that of the UK Medtech employment rate (Med Tech Europe, 2020). 

Ireland’s exports make an impact globally with some key exports. For example, 25% 

of the world’s diabetics are treated with products made in Ireland, while one-third of the 

globally manufactured contact lenses are made in Ireland, with export values of €1bn in 2020 

(Industrial Development Authority, 2022). Ireland is also the world’s largest exporter of 

cardiology stents, with export values of €2bn in 2020, and the world’s fourth largest exporter 

of artificial joints, with exports of €1.3 bn in 2020. Lastly, 50% of ventilators utilised worldwide 

in acute hospitals are Irish-made (Industrial Development Authority, 2022). Irish Medtech 

manufacturing sites have matured and developed a reputation for operational excellence and 

execution (Walsh, 2021). Ireland has the highest per capita exports of life science products in 

the globe and is the third largest exporter by value behind Germany and Switzerland – see 

Figure 1-1 (Steenberg, 2022). 

Markusen (1996) described Ireland as a “sticky” location, where medical device 

companies have stayed on despite lower-cost locations being available. Ireland has been highly 

successful in attracting and keeping medical device companies (McKernan and McDermott, 

2023). The impact of FDI is an open debate, with one side of the spectrum stating FDI is just 

a “satellite platform” that provide limited benefits to the host economy (Enright, 2000). In this 

vein, Phelps (2008) states that multinationals have hollowed out many nation-states. The 30-

year success of the Irish Medtech cluster from the 1990s to the 2020s is not without facing 

challenges, including price erosion, relatively long regulatory approval times and lower-cost 

locations that are successfully building medical devices (McKernan and McDermott, 2024a). 

The rising cost of manufacturing is of particular concern to the medical device industry, given 

the availability of alternative low-cost locations such as Costa Rica and Penang in Malaysia 

(Vlckova and Thakur-Weigold, 2019; Yingming, 2009). 
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Figure 1-1 Top 20 countries' life science exports per capita (Source: Steenberg, 2022) 

 

 
1.3. Scope of research 

The research scope is the medical device cluster in Galway City in Ireland. The research 

has focused on Galway City due to its prominence in medical device manufacturing in Ireland. 

Galway has 25% of Irish medical device employment and almost 50% of all medical device 

start- ups in Ireland (McKernan and McDermott, 2024b). 

Researchers such as Cooke (2005), Enright (2003), Evans (2023), Ferretti et al. (2022), 

Miller and Acs (2017), and Sorenson and Audia (2000) support the claim that the clustering 

effect is focused on relatively small geographic areas often contained in as little as 5 square 

miles (Tartari et al., 2021). Munich provides a real-world example of pharmaceutical 

biotechnology companies clustering together. Concentrated at Martinsried/Grosshadern in the 

south-west of Munich, there were more than 50 biotechnology companies and several research 

institutes located together (Kaiser, 2003). The concentration of this Munich cluster is on a scale 

smaller than the city. Kaiser (2003) identifies that, although the cluster is compact, it has been 

significantly impacted by regulations at the regional, national and European Union (EU) levels. 
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Zucker and Darby (1996) have demonstrated that incumbent firms are slow to take 

advantage of discoveries that, although discovered in the same country, were made by 

geographically distant firms. Distance makes an impact even when there are no cultural, 

language or regulatory barriers. Figure 1-2 represents the medical device cluster in Galway city 

and the wider geographical scales that can influence the cluster. 

 

Figure 1-2 Scope of project, Galway City and key themes considered (Source: Author’s own 
work)  

This research is focused on the cluster at the scale of Galway City, located in an area 

approximately 5x5km square. A micro cluster of firms within Galway City is concentrated on 

the East side of the city. Researchers including Berkes and Gaetani (2019), Doloreux and Parto 

(2005), Evans (2023) and Ferretti et al (2022) highlight the importance of micro clusters and 

state that an increase in distance on a scale of as little as 1km can have a negative impact on 

innovation and clustering. The presence and interactions of diverse key actors, in particular 

from academia, funding providers, entrepreneurs, and the government, are essential to the 

development of a cluster (Bell, 2005; Bikard and Marx, 2018; Budden et al., 2019; Miller and 

Acs, 2017; Porter, 1998; Sorenson and Audia, 2000; Tartari et al., 2021; Valkokari, 2015). This 

research is undertaken on Galway City rather than on the micro cluster, as actors deemed critical 

to a cluster, as described above, are missing from the micro cluster. 

The Galway cluster is impacted by the interactions between Ireland, the EU, the USA, 

and other global geographic regions, illustrated in an onion-like schematic in Figure 1-2. The 
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immediate layer that Galway is surrounded by is the island of Ireland. Factors or themes that 

are considered include government policies, government agencies, taxes and regulations. 

Government policies are critical to enable cluster creation (Fainshmidt et al., 2016). On the EU 

scale, regulations for medical devices are a critical factor, particularly the Medical Device 

Regulations (Kaiser, 2003). On the global scale, demand and competition are key factors that 

need to be considered. The USA is shown as a separate circle due to its relative importance for 

FDI and demand. 

The research specific to the cluster is focused on the time frame from 1990 to 2023. 

The year 1990 was selected as the start, as the medical device cluster became established that 

year (Walsh, 2022). Academic research and publications on clustering are reviewed without a 

time limitation. 

1.4. The Research Problem 

The clustering effect is well established; British economist Alfred Marshall’s late 19th 

century ideas are applied in most modern academic works of clustering (Vicente, 2018). There 

has been significant scholarly literature related to the Galway medical device cluster, including 

from researchers Brazys and Regan (2021), Corry and Cormican (2019), Giblin and Ryan 

(2015), McGloughlin et al. (2018), Ronan and Cormican (2013), Ryan and Giblin (2012), 

Sultan et al. (2021) and Sharif and Quinn (2021). 

However, these studies focused on narrow aspects of the Galway medical device cluster, 

such as innovation or the impact of specific training programs. The publications have not 

considered an overall strategy based on the interactions of the various actors, such as culture, 

incentives, government policies, and international competition. 

The Galway medical device cluster has been highly successful, but even as an established 

cluster there is no guarantee for its future success. Both the Michigan automobile cluster and 

the Pittsburgh steel-making clusters suffered major setbacks in the 1990s from which neither 

has recovered despite benefiting from access to world-class universities (Bergman, 2008). FDI 

firms can be footloose, making it difficult to stop firms from migrating to the next low-cost 

location (Cassidy et al., 2009). Ireland had a thriving electronics and computer industry that has 

largely disappeared as multinationals moved to lower cost countries (Egeraat and Jacobson, 

2004). Lacking a defined strategy for a medical device cluster that has been largely established 

by FDI is a significant risk. Existing research inadequately addresses the risks and opportunities 

the Galway medical device cluster faces. Importantly, it has not yet formulated a long-term 

strategy for the Galway medical device cluster that gives it a competitive advantage, in an 

industry that faces falling prices and increased regulations, slowing down innovation, while 
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experiencing increased competition from low-cost locations. 

1.5. Research aims, objectives and questions 

The systematic literature review utilised in the research shows that existing studies on 

the Galway medical device cluster do not propose any overall strategies for the cluster to 

implement. The aim of this research is to develop a strategy for the Galway medical device 

cluster based on the voice of the industry and the academic literature. This will be achieved by 

identifying key themes and actors that impact the cluster and, based on these, developing 

overall strategic actions. The research aim gives the project its purpose and provides clarity to 

the researcher and the reader (Nicholas, 2024). Doody and Bailey (2016) state that the first 

step of any study is developing the research aim, questions, and objectives, underlining the 

importance of  aims and objectives for a successful research study. 

The objectives will achieve the research aim, and guide the research process and the 

design of appropriate methods. They are the stepping stones to complete the research aim and 

are based on the literature gaps identified in Chapter 2. The research objectives are listed below. 

�x Contrast the Galway cluster with existing industrial clusters studied in literature. 

�x Propose a framework/model that is suitable for analysing clusters (the Galway medical 

device cluster in particular) based on academic literature. 

�x Describe the innovation characteristics present in the multinationals and the 

start-up companies in the cluster. 

�x Propose a strategy and metrics for the Galway medical device cluster based on a 

holistic framework. 

 

Research questions. 

The objectives of the research are translated into the following research questions (RQ). 

RQ1) What are the contrasts and common characteristics of the Galway cluster 

compared with other clusters in literature? 

RQ2) What frameworks are used to model an industrial cluster, and which one closely 

matches the Galway cluster? 

RQ3) Are there differences in innovation between multinationals and startups? 

RQ4) What strategy can be applied to the medical device cluster in Galway, and is it 

applicable to clusters in general? 

To achieve the research objectives, a mixed-methods approach is implemented. Methods 

include a systematic literature review, semi-structured interviews, and supporting quantitative 

data. 
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1.6. Cluster models in the context of the Research Question 

Maintaining a competitive advantage is difficult; new techniques and methods can be 

copied by others – hence, best practice is rapidly diffused, and rivals imitate one another’s 

improvements (Porter, 1996). An industrial cluster is recognized as an opportunity to create a 

self-reinforcing cycle of improved competitiveness and returns (Brosnan et al., 2016). 

“Clusters are geographic concentrations of industries related by knowledge, skills, 

inputs, demand, and/or other linkages” as defined by Delgado et al. (2014). Delgado et al 

(2014) also cited the positive impact of clusters on a region’s industrial performance, including 

job creation and their role as a regional ecosystem (Delgado, Porter, Stern, et al., 2014). The 

clustering effect matters, with 39% of European jobs and 55% of European wages located in 

clusters (Bienkowska and Cretu, 2016). According to Porter (1990), clusters are a source of 

strategic competitive advantage, with companies in clusters being more innovative than those 

outside of clusters (Bell, 2005). Individuals have access to knowledge, social ties, and resources 

to start new ventures; hence, entrepreneurial activity is greater in a cluster (Sorenson and Audia, 

2000). Clusters also improve non-commercial stakeholders; for example, academic institutions 

in clusters have more impact and are cited 81% more than institutions outside a cluster (Bikard 

and Marx, 2020). 

Porter modelled national competitive advantage (Figure 1-3) as having four interacting 

determinants: Firm strategy and structure, demand conditions, factor conditions, and 

supporting industries (Porter, 1990). He states that nations succeed in clusters of industries that 

have close relationships. Porter’s diamond model suggests that countries can strategically 

improve their competitive position by creating advanced factors such as skilled labour or strong 

local demand. 

The research will identify a model for the Galway medical device cluster that can help 

identify methods to improve its long-term competitiveness. 
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Figure 1-3 Porter’s Diamond. (Source: Porter, 1990) 
 

 
1.7. Significance of the research 

Prior research by Phelps (2008) has proposed that FDI-generated clusters can be fragile 

and are often unable to be sustained. This is supported in the Irish context by Brazys and Regan 

(2021) who question the sustainability of the FDI growth model. Existing research by Sultan 

et al. (2021) accuses multinationals in the Galway cluster of choking innovation, preventing 

products from going to market and not appreciating the intellectual property to which they have 

access. 

This research adds value to the existing literature by demonstrating how innovation is 

significantly impacted by the medical device industry, and leads to different strategies for large 

multinationals and local start-up firms. The study contributes to the field by proposing 

measures for the cluster, including measures of innovation and problems with the national 

measures that are widely used today. This study will contribute to the body of knowledge by 

using the case study of the Galway medical device cluster to develop a strategy that can be 

utilised by clusters in small open economies. The results of the research will show that current 

government structures to support clusters are misaligned with the needs of the cluster. These 

findings will benefit policymakers and academic research by proposing policies with improved 

efficacy. 
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1.8. Outline of Dissertation 

The dissertation consists of five chapters (including this one), as detailed below. 

Chapter One is the introduction chapter to the research. In this chapter, a short overview 

of the global medical device industry is provided, and the Irish medical device industry is 

placed within this context. The chapter explains that Galway City was selected for the study due 

to its significance within the medical device industry in Ireland. The research problem explains 

how, despite the success of the Irish medical device industry, it  faces significant risks and 

challenges. The chapter also discusses how clusters can provide a sustained competitive 

advantage. The research aim and objectives are discussed. The research is of significance due 

to the global importance of clusters; strategic lessons for the Galway medical cluster can be 

applied to other clusters. 

Chapter Two establishes the conceptual framework for the thesis. It provides an in-

depth overview of the medical device industry globally, including a critique of the industry. 

The drivers of demand for the medical device industry are elucidated, explaining why the 

industry’s growth will continue for the near future. Themes from the systematic literature 

review are presented. The chapter also analyses current state of the art cluster models. Examples 

of real-world clusters are contrasted, showing that despite quite different beginnings the clusters 

evolved to have many similar characteristics. Gaps in the literature that will be addressed by 

the research are discussed. 

Chapter Three explains the research methodology and process adopted to achieve the 

research aim. The chapter shows how the research objectives will close current knowledge 

gaps. The mixed method approach is justified. A theoretical framework is presented that links 

the actors in the cluster to innovation and entrepreneurial capabilities. The methods used to 

complete semi-structured interviews are summarised along with the coding frame used. 

Quantitative measures are suggested for the themes in the theoretical framework. Justification 

for the selected methods, along with their limitations, are presented. The chapter describes the 

methods used in detail, to enable the research to be replicated by others. 

Chapter Four presents the findings of the research. The key themes from the semi-

structured interviews are presented. It provides a synopsis of the medical device industry in 

Ireland and its evolution. The development of manufacturing sites in Ireland and how the sites 

have developed and matured are also discussed. The findings contrast innovation from 

multinational companies with innovation from the local startup companies. The geographic 

spread of the medical device sites in Ireland and within the Galway cluster is presented, 

suggesting the clustering effect is smaller than many researchers generally propose. Partially 
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because of the small geographic scale of the clustering effect, problems with current measures 

of clusters have been identified, and further measures of innovation on a cluster scale are 

suggested. 

Chapter Five discusses the research results, conclusions, implications, and limitations, 

along with probable future research areas. Based on the findings, policy recommendations are 

presented, and a recommended strategy for Galway’s cluster is shared using the theoretical 

framework as a guide. 
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2. The Irish  Medical Device Cluster 

2.1. Background 

The aim of this research is to identify a successful strategy for the medical device cluster 

in Galway, Ireland. Through positive externalities, the entire medical device cluster in Ireland 

will be improved by improving the health of the Galway cluster. This chapter aims to 

understand the current literature published on the medical device cluster in Galway and 

the theory on industrial clusters. This chapter achieves its aim by describing the theoretical 

background and providing an overview of the medical device industry globally. The chapter 

moves from global trends to the specifics of the Galway cluster. A systematic literature review 

(SLR) was conducted to establish key themes in academic literature and to 

determine recommendations currently suitable for the Galway Medtech cluster. The chapter 

discusses models of industrial clusters and current theories of cluster strategy as described in 

Table 2-1.  

The global overview of the industry summarises how demographics is the primary 

driver of growth. Despite a growing market, the industry faces continual price decreases. The 

benefits of health care and medical devices are summarised and include reduced mortality rates 

and better quality of life for patients (Crocker et al., 2020). The next section of the paper 

summarises criticisms the industry has faced, including high-profile medical device failures, 

some of which resulted in death (Whooley, 2024). Conflicts of interest, lack of transparency, 

and late reporting of complaints are among the criticisms levelled against the industry (Fraser 

et al., 2018). 
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Table 2-1 Overview of key themes in chapter. (Source: Author’s own work) 
 

The paper then discusses the medical device industry in Ireland. The key themes of 

innovation, Bio-Innovate, multinationals and clusters are identified in a Systematic Literature 

Review (SLR). As Galway is recognised as a cluster, literature on cluster theory has been 

reviewed. Key academic papers from the 1800s through to 2006 are identified and discussed 

to gain a historical perspective on clusters. This lays the groundwork for a discussion on 

clustering models and their evolution. A comparison is carried out of several clusters with the 

medical device cluster in Galway to determine which cluster models fit best. The gaps in the 

current literature are identified, highlighting opportunities for further research, which becomes 

the basis for further chapters in the thesis. 

 

2.2. Global Overview of the Medical Device Industry  

A medical device is an article, instrument, apparatus, or machine that is used in the 

prevention, diagnosis or treatment of illness or disease or for detecting, measuring, restoring, 

correcting, or modifying the structure or function of the body for some health purpose (Lang 
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Lucini, 2017). Typically, a medical device’s purpose is not achieved by pharmacological, 

immunological, or metabolic means. 

Healthcare spending is increasing globally, more than doubling between 2000 and 

2019; currently, the global spending is US$ 8.5 trillion, 9.8% of the global Gross Domestic 

Product (GDP) (Xu et al., 2021). Medical device spending is a subset of the total healthcare 

spending, globally estimated to be US$540 billion (Xu et al., 2021). There are more than 2 

million medical devices currently on the world market (World Health Organisation, 2021).  

The USA is the world’s largest producer and market for medical devices (Maresova et 

al., 2015). High-income countries account for approximately 80% of healthcare spending (Xu et 

al., 2021). Less well-off countries have a pent-up demand for devices; for example, an estimated 

5 billion people in mostly poorer regions lack access to surgery (Meara and Greenberg, 2015). 

Healthcare spending has a significant positive impact on the economy, employment, and the 

wealth of a nation (Boyce and Brown, 2019). The global Medical Device sales are outlined in 

Figure 2-1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-1 Global Medical device sales. (Source: Fortune Business Insights, 2020) 

 

 
The medical device industry is highly consolidated and dominated by a few large 

players. Just 15 companies generate 54% of the global sales of medical devices (Daigle and 

Torsekar, 2019). The Medtech industry continues to consolidate through acquisitions and 

partnerships (Department of Business, 2020). 
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2.3. Medical device categories 

It is estimated that there are 2 million medical devices in use globally, which can be 

categorised into more than 7,000 device types (World Health Organisation, 2021b). Fifteen top-

level categories of medical devices primarily make up 84% of global sales. Table 2-2 lists the 

device categories based on the World Health Organization’s nomenclature (Muir, 2018). All 

segments have forecasted growth, with Neurology predicting the fastest growth of 9.1% and In 

Vitro Diagnostics (IVD) having the largest sales volume category, followed by Cardiology 

(Muir, 2018). The IVD segment is growing due to the trend for real-time diagnostic tests. 

 
Table 2-2 Global Sales for Categories of Medical Devices      

(Source: Authors own adapted from data published by Muir, 2018) 
 

Device Category WW Sales 
Billion 
US$ 

Segment % Compound 
Annual growth 

rate (CAGR) 

In Vitro Diagnostics 52.6 13% 6.1% 
Cardiology 46.9 12% 6.4% 
Diagnostic Imaging 39.5 10% 3.7% 
Orthopaedics 36.5 9% 3.7% 
Ophthalmics 27.7 7% 6.2% 
General and Plastic 

Surgery 
22.1 5% 6.5% 

Endoscopy 18.5 5% 6.3% 
Drug Delivery 18.5 5% 4.6% 
Dental 13.9 3% 6.5% 
Diabetic Care 11.7 3% 7.8% 
Wound Management 13 3% 4.6% 
Healthcare IT 11.8 3% 5.9% 
Neurology 8.6 2% 9.1% 
Nephrology 11.7 3% 4.2% 
Ear, Nose and Throat  
Other 

8.9 
63.1 

2% 
16% 

5.7% 
5.7% 
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2.4. Drivers of medical device spending 

All of the medical device category types listed in Table 2-1 are experiencing compound 

growth. An ageing global population is the most significant cause of increased spending on 

health care. Other key factors for growth include an increase in chronic medical conditions and 

increased public access to new treatments. The following sections discuss the drivers of 

increased spending on medical devices. 

Demographics 

There is a gradual and irreversible trend globally towards an ageing population. Couples 

have smaller families, improvements in sanitation and medical treatments, better access to 

education and strides in gender equality have all led to an increase in human longevity (Wilmoth 

et al., 2023). An ageing population is the most significant factor that contributes to increased 

spending on health care (Gregersen, 2014). On average, an individual who is over 85 years of 

age will have 6 times the medical costs of a person aged between 55 and 59 (Murakami and 

Morgan, 2016). Globally, in 2020, there are 728 million people aged 65 or over; this is projected 

to double to 1.5 billion in 2050. There are significant differences in the median age of 

populations globally, with Niger having an average age demographic of 19 years and South 

Korea's average age demographic of 56.5 years (Krys and Born, 2021). Statistics concerning 

global demographics are summarised in Figure 2-2. Increased ageing is the dominant factor in 

comorbidities (Vos et al., 2015). The good news of an improved life expectancy comes with 

the downside of increased costs in health care spending.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-2 Global population over 65 versus births per female. (Source: Author’s own work 

utilizing data from Krys and Born, 2021 and Worldometer, 2020). 
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Chronic Conditions 

Economic development and increasing urbanisation are leading to more sedentary 

lifestyles and greater consumption of unhealthy foods linked with obesity. This is driving a rise 

in chronic conditions such as Type II diabetes, cardiac disorders, and hypertension (Williams, 

2019). The historical and predicated increase in diabetes is illustrated in Figure 2-3. Early 

detection of diseases and conditions coupled with improved treatments means that people are 

living longer with chronic conditions. Demand for orthopaedics, for example, is increasing due 

to osteoarthritis (OA), a chronic joint disease which has increased by 113% from 247 million 

in 1990 to 528 million in 2019 (Long et al., 2022). 

Lifestyle changes are also attributed to increased rates of cancer. For example, dietary 

changes (increased red meat), alcohol consumption, and tobacco are the main risk factors 

leading to a 79% increase in early-onset cancer between 1990 and 2019 (Zhao et al., 2023). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-3 Global trend in Diabetics. (Source: Author’s own work utilising data  
from Williams, 2019). 

 
 

Non-fatal diseases are now the major cause of health spending. Global improvements in 

access to healthcare have resulted in more people seeking treatments and increased demand for 

medical devices (Vos et al., 2015). 
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The availability of novel medical devices to treat unmet clinical needs has created new 
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Stroke Therapy (EST). Saber et al. (2019) showed a continuous increase in EST over the 10 

years from 2006 to 2016. The number of ESTs went from less than 50 in 2006 to 1000 in 2016. 

A significant jump in demand occurred when multiple clinical trials confirmed positive 

outcomes. 

The use of minimally invasive interventional surgery is increasing. For example, a US 

based study of Peripheral Arterial Disease demonstrated that the use of endovascular 

interventions grew by a factor of 3 between 1996 and 2006. Simultaneously, traditional bypass 

surgery was reduced by 43%. Overall, the number of procedures completed almost doubled in 

that decade. Patients benefited also as the rate of amputations was reduced by 29% (Goodney 

et al., 2009). 

New medical devices result in more patients being treated, improved outcomes for 

patients and increased sales of medical devices. 

 
 
Home Hospitalisation 

Treatment for acute diseases can be given at home for half the cost of a hospital stay. 

Home-care patients have been shown to remain more active and get better sleep than hospital- 

based patients (Levine et al., 2018). 

The development of home care equipment and technologies has enabled patients who 

require 24/7 monitoring to be treated at home. Home care reduces health risks such as 

infections and falls. For elderly patients, cognitive and functional harm due to being in a 

strange place is eliminated (Megido et al., 2023). The COVID-19 epidemic accelerated the 

trend of using telehealth, with 95% of doctors increasing their use of telehealth options (Welch, 

2020). Demand for home care offers significant opportunities for wearable medical devices. 

Wearable devices and their ability to monitor patients have an expanding range of applications, 

such as cardiovascular and diabetic monitors. Devices are getting smaller and easier for patients 

to use while enabling healthcare staff to review trends and provide care (Derek, 2023). 

2.5. Price Erosion 

While the total global spending on medical devices is increasing (World Health 

Organisation, 2021a), the prices obtained for undifferentiated medical devices are reducing. In 

the USA, hospitals are pooling their purchasing power to reduce costs. Between 72 and 80 per 

cent of non-labour purchases are completed through a Group Purchasing Organisation (GPO) 

or Integrated Delivery Networks (IDN) (Wilson, 2019). Centralised purchasing results in the 

standardisation of medical devices and downward price pressures. Increasingly, 
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purchasing decisions and medical device selection are being made by purchasing departments 

with physicians in advisory roles. Commodity products are particularly affected by downward 

pricing pressures. For example, the average selling price (ASP) for a carotid balloon catheter is 

expected to drop in value by 26% from US$240 to US$178.90 over the 10 years from 2017 to 

2027 (Amador, 2018). 

Office-based labs (OBLs) and ambulatory service centres (ASC) are increasingly being 

utilised for outpatient procedures. Almost all endovascular procedures are suitable for an OBL 

setting. OBL is gaining an increasing share of the USA market, with 25% of peripheral vascular 

procedures currently carried out in OBL settings (Amador, 2018). OBLs are physician-owned and 

tend to be more cost-conscious than hospitals. With OBLs often receiving price discounts of 

50% (Amador, 2018), they and GPOs are driving down the ASP of Medical Devices in the 

USA. 

China’s population is aging quickly, resulting in healthcare costs outpacing economic 

growth. China introduced a centralised public procurement policy for medical devices in 2019. 

The logic is buying in bulk to lower the costs of medical devices. The reductions in selling 

price over 3 years have been dramatic (Table 2-3). When coronary stents, for example, were put 

out in China to tender, 20 companies participated, 8 were chosen, and six of these were Chinese 

(Erixon et al., 2021). Reduced selling prices in the Chinese market will make it  increasingly 

difficult  for Irish-based MedTech companies to compete in that market. 

 
Table 2-3 Medical Device price reductions between 2019 and 2021 resulting from centralised 

state procurement in China. (Source: Erixon et al., 2021) 
 

Product Category Reduction in selling price 

Coronary Stents 95% 
Orthopaedics 55% 
Intraocular Lens 41% 
Pacemakers 50% 
Nursing consumables ~80-90% 

 
2.6. Benefits of healthcare and medical devices 

The costs of health care and medical devices are often focused on the desire to reduce 

spending and achieve better value for money. The focus on costs overlooks the benefits of health 

care and medical devices (Boyce and Brown, 2019). A key benefit of healthcare systems is 

reduced mortality rates and better quality of life for patients (Crocker et al., 2020).  

Healthcare has a positive impact on economic stability and is essential to a stable functioning 
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economy (Boyce and Brown, 2019). The link to economic performance is clear, ill health 

impairs productivity, makes finding employment more difficult and negatively impacts human 

capital development (Kapferer, 2014). When people are healthy, they feel secure and are more 

likely to participate fully in the economy. A good healthcare system ensures families do not 

face financial ruin due to medical bills preventing catastrophic health bills. The Institute of 

Medicine estimated costs to the economy between US$65 and US$130 billion due to the lack 

of access to health care in poorer families (Coleman and Kellermann, 2003). 

 

2.7. Criticisms of the medical device industry  

As medical devices are used widely for virtually every disease condition, their safety and 

efficacy are critical. The failure of a medical device can result in patient harm or death. Quality 

issues have led to significant concerns about the regulation, efficacy, and transparency of the 

industry. The term recall is used when a manufacturer must take corrective action or remove 

products from the market (Medical Device Recalls, 2024). An example of a major recall is the 

DePuy ASR hip implant. Studies showed that implants had high failure rates, close to 40%, and 

that the company had delayed initiating a recall (Cohen, 2012). 

In April 2021, Philips recalled more than 5 million respiratory devices due to the 

dangerous degradation of sound abatement foam. It is reported that Philips withheld 

information from regulatory bodies for years. Between 2011 and April 2021 Philips reported 8 

complaints to the FDA. In the following 3 years, they reported 105,000 problems, including 

reports of 385 deaths related to the recalled devices (Whooley, 2024). 

There are concerns about the growing number of recalls (Heneghan et al., 2011). 

Mooghali et al. (2023) state that medical device recalls are common, affecting millions of 

devices each year. The recall of medical devices can be slow to implement, putting patients at 

risk. High-profile recalls have led to criticisms of the industry’s regulation and approval process 

for new devices (Cohen, 2012). The highest profile recall is the 2010 recall of adulterated Poly 

Implant Prothèse (PIP) silicone breast prostheses in France. The product was withdrawn due to 

the use of low-grade silicone, which increased the risk of implant rupture (Berry and Stanek, 

2012; Greco, 2015). The PIP scandal triggered the introduction in 2017 of more stringent 

regulations in Europe known as the Medical Device Regulations (MDR). There are concerns 

that the MDR regulations will reduce access to medical devices, reduce innovation and increase 

costs (Nüssler, 2023). 
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Data from the Food and Drug Administration (FDA) database, which published recalls 

of medical devices in the USA – the world’s largest medical device market – found that there 

have been 457 device recalls in the 10 years from 2014 to 2023 (see Figure 2-4). In 2023, 33.7 

million patients were admitted to US hospitals, all of whom were treated with multiple medical 

devices (Kapferer, 2014).  Thus the 63 medical device recalls in 2023 need to be seen in the 

context of the 33.7 million patients receiving hospital treatment that year, involving some form 

of medical device. 

The medical device industry has been criticized for its lack of transparency. To select 

the most appropriate medical device, healthcare professionals must base their choices on its 

safety and clinical efficacy. Medical practitioners have called for safety and efficiency 

information to be made publicly available, enabling full transparency and informed decisions 

(Fraser et al., 2018). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-4 Medical Device recalls in the USA based on the year posted by the Food 

and Drug Administration. (Source: Medical Device Recalls, 2024) 

Conflicts of interest between healthcare professionals and the medical device industry 

are a second area where transparency is a concern (Lexchin and Fugh-Berman, 2021). Gifts from 

manufacturers can influence the behaviour of physicians. A study of over 150,000 physicians 

in the USA receiving gifts as small as a single meal of US$20 was associated with an increased 

rate of prescribing the promoted product (DeJong et al., 2016). Receipt of payments is 

associated with higher prescription costs, lower prescription quality and higher prescribing 

rates (Brax et al., 2017; Goupil et al., 2019). Payments to physicians can be significant, for 

example, in the USA US$12.5 billion was paid to healthcare providers in 2022 (Medicare, 

2024). The payments were for items such as research, meals, travel, gifts or speaking fees. To 
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increase transparency and reduce the possibility of gifts impacting the behaviour of physicians, 

the USA introduced the Physician Payments Sunshine Act in 2010, which requires the 

publication of payments and gifts (Lexchin and Fugh-Berman, 2021). The Sunshine Act intends 

to increase transparency and hence reduce conflicts of interest. In Europe, the preference is self-

regulation based on codes of best practice developed and implemented by industry trade 

associations (Ozieranski et al., 2021). 

 

2.8. Ireland and the Medical Device Industry  

The medical device industry in Ireland employs 46,000 people, which is the highest rate 

per head of population of any European country (IDA, 2024). There are exports of US$15 

billion annually from Ireland, which represents 8% of Ireland’s exports (United Nations 

Statistics Division, 2022). Ireland has the lowest R&D tax rate in the OECD. Figure 2-5 

summarises some statistics related to Ireland’s exports. In 2023, due to improved economic 

performance, the Institute for Management Development (IMD) ranked Ireland as the second 

most competitive country in the world (Bris, 2023). This is a significant change from Ireland’s 

historical position of being the “poor man of Europe” in the 1970s and an “economic basket 

case” in the 1980s. It is not just financial performance that has improved; Ireland is placed 

first in attitudes and values, including its attitude towards globalisation, competitiveness, and 

openness to foreign ideas. Ireland has been exceptional in its impassioned pursuit of an open 

economic model (Cunningham et al., 2020). 
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Figure 2-5 Statistics and facts about Ireland.  

(Source: Author’s own work. Statistics from Industrial Development Authority, 2022   
and Central Statistics Office, 2022) 

The home market is small, so the industry focuses on exports. The exports are 

concentrated into six medical device categories: vascular, orthopaedics, ophthalmic, 

pacemakers, respiratory, and electrodiagnostic. Vascular and orthopaedic categories make up 

75% of the exports by value (McKernan and McDermott, 2024b). 

Ireland’s medical device industry is dominated by multinationals that established 

manufacturing sites in the 1990s (Evers and Giblin, 2017, McKernan and McDermott, 2024a). 

Ireland was able to attract the world’s largest medical device companies due to its proximity 

and tariff -free access to the EU, its relative cost competitiveness, its English language speaking, 

and its responsive regulatory systems (McKernan and McDermott, 2024b). Ireland’s low 

corporate tax rate (which was 10% in the 1990s) is often quoted as a reason for FDI. While 

acknowledging the role played by corporate tax rates in FDI, McKernan and McDermott (2024) 

suggested alternative reasons, including its skilled workforce, stability, membership of the 

EU, and a regulatory regime conducive to doing business in Ireland. Medical device firms 
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self-reported the availability of skilled labour as the most crucial factor when selecting a 

location (Kimelberg and Nicoll, 2012). 

Medical devices in Ireland are not just concentrated on a few product categories. They 

are also concentrated geographically; one significant concentration of medical device 

companies is as mentioned previously in Galway City on the West coast of Ireland. The startups 

in Galway City are mostly clustered within a 5 km square. Galway has 25% of jobs and almost 

50% of all medical device start-ups in Ireland (McKernan and McDermott, 2024b). Thirty-one 

per cent of the total medical device companies in Ireland are in Galway, and Galway’s medical 

device start-up rate per head of population is ten times the average for Ireland (McKernan and 

McDermott, 2023). The Galway city cluster was kick-started with multinationals moving into 

the city (Ryan and Giblin, 2012). Eighty-three per cent of organisations stated that the location 

of Galway City was important in choosing a manufacturing site (McCormack et al., 2015). 

Studies have shown that being in a cluster generates output gains that are six times that of the 

extra costs (Walsh, 2023). 

2.9. Systematic Literature Review -Medical device industry in Ireland. 

A foundational part of academic research is reviewing the current academic literature 

in the field of concern (Croom, 2010). The Systematic Literature Review (SLR) method was 

chosen to produce a summary of the current published academic literature on the medical device 

industry in Ireland. In addition, it aids the collation of the relevant results through a 

comprehensive, objective, and reproducible strategy (Tranfield et al., 2003), (Petticrew and 

Roberts, 2006). A literature review can create new knowledge on a topic by articulating and 

summarising conflicting perspectives and providing new insights (Torraco, 2016). This SLR 

intends to structure the literature on the medical device industry in Ireland, highlighting and 

articulating the different streams of the literature and thereby contributing to the body of 

knowledge in this research field. 

This SLR intends to answer the question: 

Q1) What are the key trends in the academic literature concerning the medical 

device industry in Ireland? 

Q2) What are the currently recommended strategies for the medical device 

industry in Ireland? 
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Methodology 

The Tranfield et al. (2003) approach to SLR was applied to ensure the process was 

systematic, transparent, and reproducible. The rigour and predefined methods of an SLR enable 

the identification of relevant information, and minimise the scope for bias, hence improving 

the reproducibility of the study (Snyder, 2019). As the Irish MedTech cluster was created in 

the 1990s, 1990 was selected as the start date of the literature review. An SLR was conducted 

on articles published between 1990 and 2022 using the Web of Science (WoS). The WoS 

academic database was selected as it is the world’s most widely used and authoritative database 

of research publications (Birkle et al., 2020). This ensured quality results were achieved and 

searched for extensively within the literature. 

To complete the SLR, the search strings used were “Ireland”, “start?up”, “medical 

device”, “eco?system?” and “cluster?” with a question mark used as a wild  card. These 

facilitated words that can be written with a space or dash. For example, “start?up” returns results 

for “startup”, “start-up” and “start-up”. The following synonyms of Medical Device were also 

used, “Med Dev”, “Med*Dev” and “Med*Tech”. The quotation marks limit  the search to the 

words defined while the use of wild cards * and? allows derivatives of the word to be included. 

The initial results yielded 843 articles. The summary information related to these 

articles was extracted from a spreadsheet thus enabling the review and removal of duplicates. 

Only articles that had at least one citation have been included. The title, abstract, and keywords 

were reviewed to confirm if they were relevant to the research questions, which reduced the 

article count to 124. The author selected key papers that provided insights into the industrial 

cluster or general findings that aided in explaining the cluster’s growth. Subsequently, 27 final 

papers were selected. The key steps of the SLR are summarised in a flow chart in Figure 2-6. 

The remaining articles were then thoroughly reviewed. 
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Figure 2-6 The SLR Process (Source: Author’s own work) 

 

2.10. Results 

Descriptive statistics 

Figure 2-7 summarises the number of articles and citations based on the year first 

published and the citation count as of the 26th of April 2024. There are no relevant articles 

published before 2009 despite the search starting in 1990. This may indicate interest in the 

medical device industry in Ireland only started as it became more established with a greater 

presence. There is no clear trend in the volume of articles published. The two most highly cited 

papers represent 53% of the total citations. These papers had entrepreneurial universities and 

entrepreneurs as their themes. 

Research 
questions for 

literature 
review 

Inclusion 
exclusion 
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Figure 2-7 Number of publications and citations by year (Citation count as of 26-Apr-2024) 

(Source: Author’s own work) 
 

Summary of current recommended strategies for the medical device 

industry in Ireland  

The 27 papers selected were reviewed to determine what recommendations have been 

made for the medical device cluster in Ireland. 63% of the papers were descriptive without 

recommendations for the cluster. The publications described aspects of the medical device 

industry but did not make recommendations on how to improve it. For example, Giblin and 

Ryan (2015) observed that multinational activity is at the centre of a virtuous circle. While 

providing useful insights, the paper does not provide recommendations on how to improve the 

health of the cluster. 

Of the nine papers that included recommendations, four were primarily focused on 

entrepreneurs, three concentrated on government and two had a focus on industry. Tables 2-4 

show the papers from the SLR categorised by descriptive papers or papers that included 

recommendations. 

Table 2-4 Papers from the SLR. (Source: Author’s own work) 
 

 
 

Authors 

 
 

Title of paper 

 
 

Key points. 

 
Descriptive or 

Recommendations 

 
(Barrett et al., 2021) 

Open innovation within 
high-tech Small & 

Medium Enterprises 
(SME’s). 

Discussed Open Innovation in 
startups. 

 
Descriptive 
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(Giblin and 
Ryan, 2015) 

Anchor, incumbent and 
late entry Multi-National 
Enterprises (MNEs) as 

propellants of technology 
cluster evolution 

 
N/A 

 
 
 

Descriptive 

 
 

(Ryan et al., 2018) 

Subsidiary knowledge 
creation in co-evolving 

contexts 

Subsidiaries develop their 
knowledge and remit by 
learning from the cluster. 

 
 

Descriptive 

 
 

(McCormack et al., 
2015) 

An analysis of open 
innovation practices in the 
medical technology sector 

in Ireland 

Describes the level of open 
innovation. 

 
 
 

Descriptive 

 
 

(Breznitz, 2013) 

Cluster sustainability: The 
Israeli life sciences 

industry 

A cluster is not sustainable if it 
is missing significant parts of 

the ecosystem. 

 
Descriptive 

 
(Mikhailova and Olsen, 

2016) 

 
Internationalization of an 

academic invention 
through successive 
science-business 

networks: The case of 
 TAVI  

Transcatheter aortic valve 
implantation (TAVI) was 

internationalised after being 
sold by the MNE. Development 
is like a series of relay races. 

 
 

Descriptive 

 
(O’Cearbhaill et al., 

2019) 

Medical device patents—a 
review of contemporary 

global trends with an Irish 
comparison 

 
Descriptive, Ireland’s level of 

patents. 

 
Descriptive 

 
(KIM et al., 2020) 

A Study on the Success 
Factors of Bio Cluster. 

Studies success factors of Bio 
clusters, provides framework. 

 
Descriptive 

 
(Guerrero et al., 2014) 

Entrepreneurial 
universities in two 

European regions: A case 
study comparison 

 
   Build and enforce the 
university eco-system 

 
Descriptive 

 
(McGloughlin et al., 

2018) 

 
Innovation for the future of 

the Irish MedTech 
industry. 

 
Describes the positive impact of 

the Bio-Innovate program 

 
 

Descriptive 

 
 

(Fitzgerald and 
Cunningham, 2016) 

Inside the university 
technology transfer office: 

mission statement 
analysis 

 
Study of mission statements of 
technology transfer offices. 

 
Descriptive 

 
(Bruzzi and Linehan, 

2013) 

Bio-Innovate Ireland— 
fostering entrepreneurial 
activity through medical 

device innovation training 

 
Continue Bio-Innovate 

 
 

Descriptive 

 
(Fritzsche et al., 2021) 

State-of-the-Art: Bio- 
design based on Innovation 

Ecosystems in Europe 

Compares Bio-Innovate 
program in different locations 

 
Descriptive 
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(Doyle et al., 2022) 

Exploring new venture 
creation through 
incubators and 
accelerators. 

 
Best practice for incubators and 

accelerators. 

 
 

Descriptive 

 
 

(Dowling, 2013) 

 
Impact of a university 
spin-in company on 
academic research: a 

case example 

Spin in company has had a 
positive impact on the 

university, improving research 
and giving practical 

experience. 

 
 

Descriptive 
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(Sharif and Quinn, 
2021)  

Driving Medtech 
innovation and start-up 
company formation 

through successful joint 
academic/commercial 

fellowship 

 
 

Describes Bio-Innovate 
program. 

 
 

Descriptive 

 
(McCormack et al., 

2015) 

 

An Analysis of Innovation 
Management in Irish 

Medical Device SMEs 

 
Compares open innovation in 

Galway and Med Con 
valley. 

 
Descriptive 

 
(Aulet and Murray, 2013) 

A Tales of Two 
entrepreneurs 

 
Strategy for start-ups 

 
Recommendation 

 
 

(Sultan et al., 2021) 

Why are medical device 
multinationals choking 

disruptive technology and 
killing innovation? 

 
Recommendations of 

developing new products. 

 
Recommendation 

 
(Barrett and Dooley, 

2021) 

 
Open innovation strategy 
of an early-stage SME 

Founder has a significant 
impact on a firm’s approach 

to open innovation. 

 
Recommendation 

(Scannell and Cormican, 
2019) 

 
Spinning out of control? 

Consider regulatory 
requirements early in 

the development process. 

 
Recommendation 

(Cunningham et al., 
2020) 

Evolution of Ireland’s 
Industrial, Science and 

Technology Policy 

 
Policy document. Encourage 

more entrepreneurship in 
MNE. 

 
Recommendation 

 
(Haugh, 2013) 

From bricks to brains: 
Increasing the 
contribution of 

knowledge-based capital 
to growth in Ireland 

 
Policy recommendations to 

foster innovation and 
entrepreneurship. 

 
 

Recommendation 

 
(Giblin and Ryan, 

2012) 

Tight clusters or loose 
networks? The critical role 
of inward foreign direct 

investment in cluster 
creation. 

 
Continue attracting FDI. 

 
Recommendation 

 
 

(Ryan and Giblin, 2012) 

�+�L�J�K�(�W�H�F�K Clusters, 
Innovation Capabilities 

and Technological 
Entrepreneurship. 

 
Adopt policies that build the 

capabilities of industry. 

 
Recommendation 

 

 
(Eatock et al, 2009) 

An exploratory survey of 
current practice in the 

medical device industry 

 
Develop new to the world 

products 

 
Recommendation 
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The recommendations made in the aforementioned literature are generic in nature and 

lack specifics on how to implement them. Cunningham et al. (2020) recommend encouraging 

more entrepreneurship in MNEs but do not suggest systems or incentives to do this. Haugh, 

(2013) recommends fostering innovation and entrepreneurship. Giblin and Ryan (2012) 

recommend continuing to attract FDI.  

The recommendations also focus on individual actors without considering the industrial 

context or the fact that each actor in the ecosystem interacts with the others sharing knowledge. 

Four of the papers making recommendations target entrepreneurs, four target the government, 

and two are focused on inventory. The recommendations from the publications are not focused 

on the overall ecosystem and do not consider the interactions of a wide range of stakeholders. 

Main  themes in the SLR 

The keywords from the articles were extracted. To visually represent the themes of the 

papers, a word cloud was created, Figure 2-8. The more often a word appears in the keywords 

of the articles, the larger it  is in the word cloud. Plurals of words were replaced with the singular 

form; for example, innovations were replaced with innovation in the keywords. Based on the 

keywords, themes from the papers were identified as Innovation, Entrepreneurial, Cluster, 

FDI/MNE and SME. The keyword “Open” was used in connection with “Open innovation.” 

 

 
Figure 2-8 Word cloud based on key words of selected articles 

 (Source: Author’s own work). 

For the papers with Innovation or open innovation as a keyword, the other keywords in 

those papers are SME, Medical, Bio-Innovate, start-up, Cluster/Eco-System and Entrepreneur. 

 
(Corry and 

Cormican, 2019) 

Towards innovation in 
multinational corporation 

subsidiaries. 

Score card that can be used 
as guidance to develop 

subsidiary. 

 
Recommendation 
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To show how themes from papers are related, the keywords were visually linked 

in Figure 2-9. Innovation was placed in the centre as it was the most common keyword. The 

number in each leg indicates how many papers used that keyword. 
Med-Tech 4 

 

 
Figure 2-9 Linkage of keywords between papers and groupings of keywords (Source: Author’s own 

work). 

 

Innovation Grouping One 

The ten papers with innovation in the keywords are listed in Table 2-4. Baumol (2002) 

argues that innovation is the true source of national advantage and that entrepreneurs are 

required to kick-start novel ventures. Aulet and Murray (2013) point out that not all innovations 

in companies have the same impact. They differentiate normal SMEs from innovation-driven 

enterprises (IDEs). IDEs can create new world ideas that make transformational changes, for 

example, Google, Netflix, and iTunes. IDEs take available resources and, as Schumpeter (1942) 

would describe it, create “new combinations” or solutions. These new solutions, as Schumpeter 

said, can generate “gales of creative destruction” challenging the status quo. Table 2.5 

characterised typical SMEs, IDEs, and start-up medical device companies. Start-up medical 

device companies closely match the characteristics of IDEs. IDEs are risky ventures with high 

failure rates but also have the potential for exponential growth. 

Table 2-5 Characteristics of SME/IDE and medical device startup in Ireland.  
(Source: Author’s own work based on data from Aulet and Murray, 2013 and McKernan 

and McDermott, 2024a) 
 

SME Characteristic IDE Characteristic Medical Device Start-Up, 
Ireland 

Focus on the local market Focus on the global market Global Market 
Innovation is not necessary  
for growth and is not a 
competitive advantage. 

Innovation is the basis of 
a company (Technology, 
process or business model) 
Innovation provides a 
competitive advantage. 

The company is focused on an 
unmet clinical need, i.e., an 
innovation to an existing 
problem. 

MNC/MNE/FDI 7 

 

Cluster 6 
Cluster/ Eco system 

3 

SME/ Start up 7 

Technology 9 

 University/Academia 4 

Entrepreneur 8 
Bio Innovate 3 

Technology Transfer 
Office 
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SME Characteristic IDE Characteristic Medical Device Start-Up, 
Ireland 

Jobs performed locally. Jobs do not have to be 
performed locally. 

Jobs do not have to be 
performed locally (typically, 
are local or joint ventures with 
another geographic location). 

Family business or business 
with little external ownership. 

Diverse ownership. A wide 
array of external capital 
providers. 

Diverse ownership. 

Growth is largely linear. Negative cash flow, followed 
by potential exponential 
returns. 

Average of nine years to 
positive cash flow. 
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Haugh (2013), in his paper “From Bricks to Brains”, summarises the status of research 

funding and strategy in Ireland, comparing it with the OECD countries. Ireland invests less in 

research than other countries within the OECD. The organisational structures employed to 

execute research are complex, with 108 research centres. Irish perceptions of entrepreneurship 

are low as compared to other OECD countries. Innovative new firms tend to be the greatest 

contributors to job creation, so improving innovation is important. Haugh (2013) makes 

recommendations to enhance innovation, including improving access to non-bank finance, 

streamlining the insolvency regime and making the transfer of intellectual property rights 

simpler. Negotiating intellectual property rights agreements are a significant barrier to firms 

engaging with institutions for research. Research institutions prefer licensing agreements, 

which firms find difficult to agree to. 

Three of the papers focus on Open Innovation (OI) (Barrett et al., 2021, Barrett and  

Dooley, 2021, McCormack et al., 2015). OI is the innovation strategy in which the company 

uses outside knowledge to enhance their capabilities. It  is a mindset that, instead of secrecy and 

a silo mentality, encourages collaboration with other institutions. A definition of OI is ‘the use 

of purposive inflows and outflows of knowledge to accelerate internal innovation, and to 

expand the markets for external use of innovation’(Chesbrough, 2003). 

Barrett and Dooley (2021), in a case study based on an Irish medical device start-

up, drew conclusions on the OI strategy of SMEs. They found the strategy changed on a project-

by-project basis rather than having an organisational strategy. The SME tended to switch 

back to a closed system of learning once their needs for the project had been met. The main 

partners for OI were universities. Specialist resources, knowledge and IP licensing were 

obtained on multiple projects. The SME stated it takes persistence and referrals to build 

relationships with other organisations. The persistence to develop relationships is worth it, 

enabling the SME to raise funding, build industrial credibility and progress their disruptive 

technology, enabling their venture to grow. Barrett et al. (2021) found in their analysis of seven 

medical device SMEs that the experience and attitude of the founder had a significant impact on 

how the SME approached OI. Barrett et al. (2021) further highlighted the benefits of OI, stating 

SMEs involved in OI tend to be the first to market rather than followers. The main partners used 

in OI were universities and government agencies for grants. 

McCormack et al. (2015), in a survey of medical device companies in Ireland, found 

that SMEs made extensive use of consultants as well as universities when pursuing an OI 

strategy. The main drivers for OI were capacity, control and accessing markets. Medical device 

companies showed a strong desire to maintain the control of IP and have exclusive access to it. 
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Outsourcing of R&D was the main OI activity. Companies spent considerable time looking for 

suitable OI partners. Table 2-6 summarises papers published with innovation as a key word. 
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Table 2-6 Papers published with "Innovation" as a key word (Source: Author’s own work). 

 

Authors Origin Purpose Type 
of 
source 

Conceptual 
framework 

Major theme/ Finding 

(Aulet 
and 
Murray, 
2013) 

USA Show how Innovation 
Driven Entrepreneurs IDEs 
are different from Small 
and Medium Enterprise 
Entrepreneurship. 

Workin
g paper 

Entrepreneurship IDEs are important for the economy and require different 
policies than standard companies. 

(Barrett et 
al., 2021) 

Ireland Founders' influence on open 
innovation. 

Journal 
Article 

Innovation, upper 
echelons theory. 

SMEs learn by doing, and the strategy develops on 
a project-by-project basis. 

(McCormack 
et al., 2015) 

Ireland Gain an understanding of 
open innovation practised in 
the Galway MedTech cluster 

Journal 
Article 

Innovation The Galway cluster uses open innovation because of cost, 
while in Denmark, it is because of capacity. The Galway 
cluster is prolifically involved in open innovation. 

(Barrett 
and 
Dooley, 
2021) 

Ireland Medical Device SMEs, 
Leverage Open Innovation 

Book 
Section 

Triple helix Leveraging the triple helix is a successful strategy to 
advance R&D. 

(Ronan and 
Cormican, 
2013) 

Ireland Assess innovation 
management practices in 
SMEs relative to published 
literature 

Conference 
paper 

Innovation 
management 

Innovation management is immature in SMEs. IP 
ownership is the main barrier to collaboration. CEO 
attitude is the dominant factor in innovation strategy. 
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Authors Origin Purpose Type 
of 
source 

Conceptual 
framework 

Major theme/ Finding 

(Bruzzi and 
Linehan, 
2013) 

Ireland Summarising 
entrepreneurial activity 
from the Bio Innovate 
program 

Journal 
Article 

Innovation Universities can play a critical role in innovation. 

(McGloughlin 
et al., 2018) 

Ireland impact of the Bio-Innovate 
program on clinicians 

Journal 
Article 

Bio-Innovate Bio-Innovate Ireland has become a facilitator of 
collaboration at the cross-section of clinical, academic, 
and industrial practices. 

(Sharif and 
Quinn, 2021) 

Ireland Assess the impact of Bio- 
Innovate Ireland 

Journal 
Article 

Academic 
commercial 
partnership. 

It is a highly successful program with multiple spin outs 
attracting €40m in venture capital 

(Fritzsche et 
al., 2021) 

Germany Review the success of the Bio 
design process. 

Journal 
Article 

Standford Bio 
design process 

To meet the needs of innovation a stakeholder network 
and access to facilities is required. 

(Haugh, 
2013) 

Ireland Assess the impact of 
government policies on 
innovation. 

Workin
g Paper 

Policy framework. Entrepreneurship can be improved by non-bank finance, 
transfer of IP and improving the insolvency regime. Use 
applied research centres to improve spill overs between 
MNE and SMEs. 
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Bio-Innovate Grouping 2 

A further sub-theme under innovation is a group of 4 papers that examined the impact 

of the Bio-Innovate program. This program is based on the Standford Bio Design program and 

is based in the University of Galway campus. The program has had a positive impact on the 

medical device startups in Galway (Bruzzi and Linehan, 2013, Fritzsche et al., 2021, 

McGloughlin et al., 2018, Sharif and Quinn, 2021). The program has been highly successful with 

multiple spinouts and €40m in venture capital (Sharif and Quinn, 2021). The program facilitates 

innovation that “lies at the cross-section” of academic, clinical and industry (McGloughlin et 

al., 2018). The program encourages clinicians to engage in entrepreneurial activities. 

McGloughlin et al. (2018) highlight ethical issues for physicians whose moral principles may 

appear to be compromised through entrepreneurial activities. These ethical concerns are offset 

by an ethical obligation to improve the health and care of patients. 

Fritzsche et al. (2021) highlights how the BioInnovate program provides access to 

critical resources such as hospitals, operating rooms, and clinical testing. Fritzsche et al. also 

highlight the program’s importance as part of a greater ecosystem. The authors claim that it is 

only in the context of a functioning healthcare innovation ecosystem that experts, know-how, 

and resources are combined to generate healthcare innovations. 

Bruzzi and Linehan (2013) state the primary goal of the Bio-Innovate program is to 

increase the entrepreneurial and innovation activity among medical device companies. A 

secondary goal is to improve the collaboration between clinicians, academia, and the medical 

device industry in Ireland. Bio-innovates medical device innovation program combines design 

thinking with entrepreneurship training. Design thinking focuses on starting with an unmet 

need and ends with the idea for the product or solution (Yock et al., 2011). Eatock et al. (2009) 

found new to the world devices were more likely to exceed company expectations than 

improvements to existing devices. This supports the Bio-Innovate approach of searching for an 

unmet clinical need. The program is supported financially by Enterprise Ireland (EI) and 

mentorship and support in the program are provided by industry, the university, venture 

capitalists and clinicians. Participants in Bio-innovate aim to identify unmet clinical needs in a 

specific clinical area. The majority of new to-the-world products are made by small companies. 

Large companies appear to favour incremental improvements over new-to-the-world products 

even though, in Eatock et al’s data, the minor upgrades were less successful. Eatock et al’s  data 

also suggests that there is a significant difference in the type of innovation in small medical 

device firms and larger multinationals. Eatock’s data is based on a survey of 38 companies 

and 68 new product launches from companies in the UK and Ireland. While the study is 
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limited by the small size of the survey, the findings are clear: greater novelty of new products 

results in a better chance of market success. 

The program, through its support of collaboration, encourages open innovation that is 

rampant in Galway medical device companies. Bio-Innovate brings together more than the 

traditional actors of government, industry and universities proposed by Etzkowitz and 

Leydesdorff (1995) in the triple helix. Having industry represented as part of a team can benefit 

academic spinouts. Scannell and Cormican (2019) in their paper “Spinning out of control”, 

highlight that spinouts fail to recognise the effort required for regulatory approval. This often 

results in wasted effort, delaying commercialisation, and negatively impacting the spinouts 

potential survival. McCormack et al. (2015) described the location and interactions of the actors 

as a cluster, while Fritzsche et al. (2021) describes it as an eco-system. 

 
 

Multinationals/ Foreign Direct Investment (FDI) Grouping 3 

A third grouping of papers reviewed in the SLR focused on multinationals and foreign 

direct investment. Ryan and Giblin (2012) stated that in 2009, multinationals based in Ireland 

accounted for 88.4 per cent of Ireland’s manufactured exports and 94 per cent of internationally 

traded services exports. Ireland is still dominated by FDI firms, the top 5 companies are 

responsible for 43% of exports, the top 50 firms for 76%. FDI investment in Ireland is 4 times 

the EU average with 76% of this originating from the USA (CSO Ireland, 2023). Across Europe, 

typically, 60% of FDI originates from other European countries (de Freine et al., 2023). In 

Ryan and Giblin’s (2012) publication studying high-tech clusters in Ireland, they highlight how 

Multinational Corporations (MNCs) seeded and helped grow an industrial cluster of medical 

device firms in Galway City. In their study of medical device firms across Ireland, they found 

that medical device manufacturers were concentrated in specific segments with no 

representation in other medical device categories. Indigenous firms have developed in the same 

categories as the MNCs, meaning they are learning and developing competencies from MNCs. 

Since the year 2000, indigenous firms have grown faster than MNCs (based on the number of 

firms, not employees or exports). The capability of indigenous firms has improved 20% of firms 

developed their own devices in 1990, and in 2009 75% of firms were developing their own 

devices. Indigenous firms have moved up the food chain but have done so based on learning 

capabilities from MNCs. The capabilities have been both technical (know-how) and soft 

skills (know-who), such as making international contacts. Embedding capabilities in a 

networked population in the region is stated as critical for long-term competitive advantage. 

Individual firms can come and go, but embedded capabilities can be sustained in the long term. 
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In their paper “Tight clusters or loose networks”, Giblin and Ryan (2012) identify how 

knowledge has transferred from MNCs to the local economy. Evidence for the transfer of 

knowledge includes the emergence of start-ups, the growth of the skilled labour pool, 

the development of suppliers and the development of industry-university research 

collaborations. They credit the presence of MNCs with advancing the local clusters' 

capabilities. In a virtuous circle, a strong cluster will attract MNCs to the cluster; the MNC 

brings new capabilities and further enhances the reputation of the cluster. Specifically for  

Galway Giblin and Ryan (2012) identify how those multinationals improved the reputation of 

research centres based in local universities and through partnering with them, helped fund the 

organisations. Due to demand in the local area, universities adapted courses and made specific 

courses suitable for industry, such as biomedical engineering. The availability of these skills 

further enhances the growth of the cluster by meeting the labour requirements of the local 

cluster. The firms Boston Scientific and Medtronic were both established in the same area of 

the city and focused on minimally invasive cardiovascular devices, which created a 

specialization for cardiovascular devices in the area. Giblin and Ryan (2012) concluded that, 

based on the Galway cluster of medical device companies, MNCs can initiate a cluster. 

Corry and Cormican (2019) highlight that multinationals also evolve over time. To 

increase the legitimacy of the local subsidiary, typically two strategies are followed within the 

MNC: 

a) Enhance the subsidiaries' profile. 

b) Pursuing new opportunities. 

 

Birkinshaw (2000) states that it is important to be a good citizen and deliver the remit 

that corporate headquarters requests. Ryan et al. (2018) state that a MNC subsidiary evolves 

through knowledge creation. MNCs achieve this through external links with the local 

knowledge network. As the site grows in its capabilities, it can increase its mandate with 

headquarters. This enables the site to grow its scope of activities, often in direct competition with 

sister sites within the network. The site's desire is to make a transition from “dumb 

subcontractors to initiative takers”. To make the transition, site leadership must change a 

mindset of compliance to head office to initiative-taking and seek ways to add value to the 

parent organisation's overall business. The growth of the subsidiary site’s capabilities can add 

new value to the corporation and, therefore, increase the subsidiary's strategic significance 

(Delany, 2000). 
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Government strategy and policy can shape the trajectory of the cluster and encourage 

multinationals to increase the remit of local subsidiaries (Cunningham et al., 2020). 

Government policies have created a hospitable climate for MNCs. The knowledge and 

technology transfers from MNCs are the fastest and often the only way to build local 

competencies in higher value-added activities. The knowledge and technologies that MNCs 

possess can be fundamental to economic transformation. Many MNCs, instead of selecting 

locations based on factor conditions such as availability of materials, look for innovation-rich 

environments that can offer qualified personnel. The transfer of know-how to local managers 

is an additional benefit of MNC's investment. Cunningham et al. (2020) detail how government 

policy has shifted towards innovation as a strategy to gain a competitive advantage. 

Embedding the MNC’s activities is particularly important for a small, open economy 

with a high percentage of national exports due to MNCs (Lenihan et al., 2023). In the study of 

the effectiveness of R&D grants and tax credits, Lenihan et al. (2023) found both grants and 

tax credits are effective at generating R&D activity in the subsidiary. Lenihan finds that policy-

induced R&D produces substantial increases in exports, turnover, and value-added. The 

induced R&D also results in increased performance of the subsidiary. 

2.11. Clusters / Eco-Systems Grouping 4 

The papers reviewed in the SLR discuss innovation and entrepreneurship within the 

context of an industrial cluster. The papers highlighted that the industry is highly clustered in 

specific medical device sectors and geographically (Corry and Cormican, 2019, Giblin and 

Ryan, 2012, 2015, Ryan and Giblin, 2012). Clustering is a key feature of the medical device 

industry in Ireland therefor the models of the concept and historical development are the focus 

of the next section. 

Industrial  clusters: Historical Development. 

Key influential or foundational papers are shown in Figure 2-10. Von Thünen in 1842 

developed the foundational concepts in urban studies and economic geography (Sinclair, 1967). 

Von Thünen theory explains the use of agricultural land and activities in relation to a central 

market city. The model shows the use of land is affected by transport costs; goods that are 

expensive to transport are located close to the city. This results in a pattern of rings surrounding 

the city, each with a different land use. The paper was one of the first to study land use and 

market location and still influences urban studies today (Sinclair, 1967). 
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Marshall (1980) in his book “Principles of Economics” defined clusters as a 

“concentration of specialised industries” and referred to them as “industrial districts”. The 

book offers an explanation of why similar industries cluster together. A pooled market for 

industry-specific skills has advantages for the employees and industry. Thus, an industry faces 

fewer labour shortages, and employees are less likely to be unemployed. Local interfirm 

division of labour enables firms to specialise in different segments, developing specialist  

machinery and tools. Local and supporting trades supply inputs that enhance the 

competitiveness of local firms. This triad of advantages produces a local industrial atmosphere 

where information spreads through the cluster, so firms become aware of best practices and 

improve productivity. Information is spread “as if in the air” (Marshall, 1890). 

Pred (1966) studied the industrial revolution in the USA. The early industrial revolution 

occurred in rural locations, while later industrialisation occurred predominantly in urban 

settings. The second stage of industrialisation saw a dramatic increase in a number of urban 

locations and the percentage of the population living in urban locations. In 1860, at the start of 

the Industrial Revolution, 25% of the population lived in urban settings. By 1920, 51% lived 

in urban settings. Pred argued that this change is primarily due to the rapid decline in 

transportation costs that railways enabled. Pred also proposes that it was only at the later stages 

of industrialisation that industry became truly specialised requiring labour matching that can 

only be found in urban areas. Urban firms became more productive as predicted by Marshall; 

this is demonstrated by increased wages for urban employees. Higher population densities 

enabled increased industrial diversity (Kim, 2006). 

Porter (1990) argues that the sustainability of a nation, or of a cluster, is dependent on 

its dynamism. Porter suggests that a diamond model that shows the interactions of firm strategy, 

structure and rivalry, demand conditions, related and supporting industries and factor 

conditions. The diamond model, in effect, is the playing field for the industry, and each part of 

the diamond affects the others. The greater the rivalry among firms the results in intense market 

pressures and improved competitiveness. Local demand helps companies grow; if customers 

are discerning, they will also signal future market directions, enabling companies to innovate 

early. 

Porter classified factor conditions into basic and advanced. Basic conditions include 

natural resources and unskilled labour. Advanced factors, such as specialist knowledge and 

infrastructure, are created and not inherited. Advanced factors can be difficult for other regions 

to replicate and can provide a sustainable advantage. 
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Figure 2-10 Key foundational papers on industrial clustering. 

(Source: Developed by the researcher) 

Krugman (1991) proposes reasons why the industry is concentrated geographically. 

Using a simple model of manufacturers and agriculture he shows all that is required to initiate 

a concentration of industry are economies of scale and reducing transport costs. This is exactly 

the explanation that Pred (1966) proposed about American manufacturing and urbanisation. In 

the United States, in a generally sparsely populated country, the bulk of the population resides 

in a few clusters. Agriculture makes extensive use of immobile land, so geographic distribution 

is largely determined by the distribution of land. Manufacturers move near a large market where 

there is an abundance of manufacturers. As there are lots of manufacturers, goods are cheap 

and available, which attracts more manufacturers. Lower transportation costs enable a greater 

concentration of industry. 

Chandler and Saxenian (1995) consider how culture and relationships within a cluster 

can impact its evolution. Based on a study of Silicone Valley in California and Route 128 near 

Boston, they claim a cluster is most successful when there are low social and institutional 

boundaries between firms. It takes more than individual entrepreneurs to maintain a thriving 

cluster, it needs an embedded network of social, technical, and commercial relationships 

between firms and external organisations. These interdependencies rely on consistently 

renewed formal and informal relationships and government support for funding of education, 

research, and training. Clusters based on open networks tend to be more flexible and 

technologically dynamic than a hierarchical, independent firm-based system. For the long-term 

health of a cluster, a culture that shares ideas is essential; as Marshall (1980) stated, information 

is shared among members “as if in the air”. 

Etzkowitz and Leydesdorff (1995) propose a Triple Helix model for the relationships 

between universities, industry, and government. They state how, traditionally, universities and 

industry operate in separate spheres. New models of knowledge-based economies mean society 
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and governments expect more from universities than their traditional “ivory tower” roles. 

Silicon Valley is an example of where government funding of research created spinoff  

companies that form completely new industries. 

As the research progressed, further pivotal publications were identified by the author. 

These papers helped explain key characteristics of the clustering effect. The date of publication 

is not used to restrict the inclusion. Table 2-7 lists pivotal publications that help explain the 

medical device clusters and their characteristics. 

 
Table 2-7 Pivotal Publications. (Source: Author’s own work) 

 

Authors Origin Purpose Type of 
source 

Conceptual 
framework 

Major theme/ 
Finding 

Miller and 
Acs (2017) 

USA Creating an 
entrepreneur 
system in a 
university. 

Journal 
article 

Entrepreneurial 
ecosystem 

Universities can 
create an 
entrepreneurial 
ecosystem on 
campus, needs 
to be 
open 

Ferretti et 
al. (2022) 

Italy Impact of distance 
on innovation. 

Journal 
article 

Geographic 
proximity 

The main 
actors share 
ideas through 
close 
geographic 
proximity. 

Combes 
and 
Gobillon 
(2015) 

France Establish the 
determinants 
of 
agglomeratio
n effects. 

Book Clustering Better job 
matching 
creates 
productivity 
gains. 

Evans 
(2023) 

UK Establish lessons 
and best practices 
from agglomeration. 

Report Agglomeration Agglomeration 
and knowledge 
spillovers. 

Ganguli et 
al. (2020 

USA Use patent filings 
to analyse the 
effect of 
knowledge 
spillovers due to 
locating in a 
cluster. 

Journal 
article 

Innovation Geographic 
distance is a 
barrier to tacit 
information 
flows. 

Berkes and 
Gaetani 
(2019) 

Canada Is innovation 
greater in high-
density cities? 

Journal 
article 

Innovation Differentiated 
inventions 
happen in 
clusters as 
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     they enable 
the 
combination 
of different 
technologies. 

Leiponen 
(2005) 

USA Assess the link 
between employees' 
skills and firm 
innovation. 

Journal 
article 

Skills and 
innovation 

Human capital 
is an enabling 
factor in 
profitable 
innovation. 

Bikard and 
Marx 
(2020) 

USA Do clusters play a 
role in linking 
academia and 
corporations? 

Journal 
article 

Clusters and 
academic 
impact 

Being in an 
industrial 
cluster 
improves the 
academic 
performance 
of a 
university. 

De Propris 
and 
Driffield 
(2006) 

UK Study the link 
between FDI and 
cluster development. 

Journal 
article 

Clusters and 
FDI 

FDI has the 
greatest 
impact on an 
existing 
cluster, 
generating 
productivity 
spillovers. 

Giustiziero 
et al 
(2019) 

USA Do incumbent firms 
learn from new 
entrants to the 
industry? 

Journal 
article 

Learning 
dynamics 

Incumbent 
firms learn 
from new 
entrants 
and, hence, 
improve. 

Sorenson 
and Audia 
(2000) 

USA Is clustering due to 
entrepreneurial 
opportunities? 

Journal 
article 

Clustering Clustering 
enables 
individuals to 
accumulate 
the 
knowledge, 
social ties, 
and 
confidence 
necessary to 
create a new 
venture. 

Bell (2005) USA Assess the impact of 
clusters and networks 
on a firm's 
innovativeness. 

Journal 
article 

Innovation in 
Clusters 

Locating in a 
cluster 
increases a 
firm's 
innovation. 
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Marshall 
(1920) 

UK Principles of 
Economics 
highlighted the 
advantages of 
agglomeration 

Book Fundamental 
economics 

Firms have 
advantages in 
clusters. 
Information is 
shared “as if 
in the air” . 

Porter 
(1990) 

USA The Competitive 
Advantage of Nations 

Book Diamond 
model 

The 
competitive 
advantage of 
nations is 
maintained 
through 
highly 
localised 
processes. 

Christense 
n (1997) 

USA The Innovator’s 
Dilemma 

Book Innovators 
Dilemma 

Established 
firms struggle 
to respond to 
disruptive 
innovation. 

 
Clusters and Ecosystem overview 

Friedman (2007) argues that improved communications and transport have created a 

flat world where everyone has access to the same information and can compete on a level 

playing field. Location no longer matters, as fiber optic communication has blown away the 

blocking walls that prevent information sharing. Yet the facts contradict his thesis, as 94% of 

investments are local and not foreign direct investment (FDI) (Altman and Bastian, 2022). 

It  is a paradox that despite communication and transport improvements enabling firms 

to move operations across the globe, that some locations attract and keep firms, proving to be 

“sticky locations” (Markusen, 1996). Competitive advantage is “spiky” and concentrated in 

small geographical locations (Florida and King, 2016). The global innovation index visually 

shows the most intensive science and technology clusters (Dutta et al., 2022b). The 

concentration of venture capital clusters is shown in Figure 2-11 and demonstrates despite 

improvements in technology that, the world is still highly local, with related industries 

clustering together. Steiner (1998) states that it is not factor conditions such as “cheap land, 

labour, or energy, nor even high subsidies and low social costs, nor even high technology strong 

and leading industries” that are decisive in the competitiveness of a region. It is clusters that are 

the decisive element for the competitiveness of a region and nation. Innovation tends to be most 

focused in geographically bounded clusters with dense concentrations of resources and 

capacities with a network of people 
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enabling the sharing of information and resources creating an ‘eco-system’ of interdependent 

entities (Budden and Murray, 2019). 

 

 

 
Figure 2-11 Venture capital investment (Source: Florida and King, 2016b) 

 
The world is not flat, as it  has been shown that firms gain a competitive advantage by 

being grouped in clusters of related industries (Bell, 2005, Delgado et al., 2014, Porter, 2000,  

Simmie, 2004, Tallman et al., 2004). The idea of a cluster is not new, as Marshall (1890), in 

his work, identified industrial districts and emphasised the role of the agglomeration of 

industries. Marshall suggested knowledge sharing as a critical advantage of agglomeration. In 

particular, information is shared easily as if “it's in the air”. Some localised and specialised  

information sharing appears to happen only in face-to-face encounters. The quality and quantity 

of knowledge flows decay rapidly with distance (Ferretti et al., 2022). Evans (2023) identifies 

that knowledge spillovers can decay significantly over distances as short as 250 meters. 

Clusters offer inherent advantages of large labour markets, improved connectivity, and the 

potential for knowledge spillovers. The cluster-specific advantage explains the superior 
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performance of firms present in a cluster over those that are not (Tallman et al., 2004). 

Clusters increase innovation. In particular, clusters are associated with breakthrough 

innovations by combining unconventional technologies. This is possible due to knowledge 

spillovers due to informal communications resulting in unconventional innovations (Berkes 

and Gaetani, 2019). Studies of patent filings have shown that originators of the “same claim” 

patents are highly likely to live in the same local area. The inventors may not know each other 

but still make innovative breakthroughs at the same time (Ganguli et al., 2020). Flows of tacit 

specialised knowledge reduce as distances increase. 

Clusters can create a strong identity and brand. In some cases, the culture and 

behavioural norms are so embedded in the cluster that they last for centuries (Staber and 

Sautter, 2011). 

Lack of skills is the most important barrier to profitable innovation. Innovation is 

required beyond pure R&D to be profitable. Being in a cluster makes it more likely that a firm 

has the required complementary skills to successfully innovate (Leiponen, 2005). A cluster 

enables improved job matching between employees and employers. Hiring workers from 

productive firms increases the productivity of less productive firms (Combes and Gobillon, 

2015). The improved job matching is responsible for 15% of the productivity gains in clusters. 

The clustering effect enables new entrepreneurs to be created more frequently. Sorenson 

and Audia (2000) claim individuals gain knowledge and social ties that enable them to 

achieve the resources and confidence to start a new venture. A key characteristic of a cluster 

is the greater rate of startups compared to non-clustered regions. Once the entrepreneurial 

process begins, it can become self-sustaining. 

Significant productivity spillovers from FDI firms are achieved in clusters but not in 

non-clustered industries. FDI will have a positive impact on local firms in a related cluster; the 

positive impact of FDI is reduced in non-clustered locations (De Propris and Driffield, 2006). 

The FDI firm also experiences positive impacts through being in a cluster. It has been shown 

that medical device companies learn from new entrants and further develop the new entrant’s 

technology (Giustiziero et al., 2019). 

In summary, the clustering effect is important because most growth and innovation 

happen in clusters. Industrial clusters are the foundation of regional competitive advantage 

(Hill and Brennan, 2000). 
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2.12. Characteristics of an industrial  cluster/ecosystem 

The literature review has identified common characteristics of industrial clusters, which are 

summarised in Tables 2-8. The clustering effect is applicable in a wide range of industries and 

geographies.  Porter (1990) gives examples of the clustering effect in the German printing press 

industry, American patient monitoring industry, Italian ceramic tiles and Japanese robotic 

industry. Ferretti et al. (2022) identify biopharma clusters in Boston in the USA and in 

Cambridge in the UK. Bergman (2008) identifies the automobile cluster in the USA and 

information technology in Boston. The clustering effect benefits all actors (Delgado et al., 

2014, Porter, 1990). 

 
Table 2-8 Characteristics of industrial cluster (Source: Author’s own work) 

 

Characteristic Supporting literature 
The available pool of skilled labour. Hemmert et al. (2019); Kimelberg and Nicoll 

(2012); Evans (2023); Leiponen (2005) 
Good job matching between employees 
and employers. If the employee has a job 
they like and are productive at. 

Combes and Gobillon (2015) 

Collaborative culture/sharing of ideas. Chandler and Saxenian (1995); Evans 
(2023); Ferretti et al. (2022); Marshall 
(1920); Runiewicz-Wardyn (2020);Cooke 
(2005); Hermelin et al. (2014);Tallman et al 
(2004) 

Third-level institution present in a cluster, 
e.g. university, or research institution. 

Miller and Acs (2017);Breznitz (2013); 
Tartari et al.(2021); Bergman (2008); 
Etzkowitz and Zhou (2018);Runiewicz- 
Wardyn (2020); Bikard and Marx (2020); 
Bikard and Marx (2020) ; Guzman and Stern 
(2015); Cooke (2005); Fritsch and Slavtchev 
(2007) 

Third-level institutions produce highly 
cited papers on the same topic as the 
cluster. 

Bikard and Marx (2020) 

Proximity: Cluster members are spatially 
close to each other. 

Evans (2023); Porter (2000); Ganguli et al. 
(2020); Combes and Gobillon (2015);Tartari 
et al.(2021); Zucker and Darby (1996); Bell 
(2005); Fritsch and Slavtchev (2007) 

Specialisation: Cluster focuses on a 
specific industry or sector, enabling 
expertise in that field. 

Tallman et al. (2004); Fritsch and 
Slavtchev (2007) 

Cluster identify: Clusters often have a 
strong brand or identity associated with 
them. 

Staber and Sautter (2011) 

Significant Incumbent firms or FDI to 
sustain the cluster. 

De Propris and Driffield  (2006); Giblin and 
Ryan (2015); Delgado et al. (2014) 
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High level of entrepreneurship, startups, 
and high quality of startups. 

Eli (2022); Audretsch et al. (2020); Eli, 
(2022); Feld (2020); Florida and King 
(2016); Guzman and Stern (2015) 

High innovation is demonstrated through 
high rates of patenting. 

Berkes and Gaetani (2019); Leiponen (2005); 
Porter (1990); Delgado et al. (2014) 

Startups spawn from previous startups. Chatterji (2009) 
Entrepreneurial recycling. Entrepreneurs 
have multiple ventures, funding and 
mentoring other firms. 

Mason et al (2014) 

Availability of funding and venture 
capital. 

Budden and Murray (2019); Avnimelech et 
al. (2007) 

Positive externalities: The cluster 
produces positive outcomes, such as 
increased employment, economic growth, 
and improved infrastructure, which 
benefit the region. 

Tallman et al. (2004); Delgado et al (2014); 
Porter (1990) 

2.13. Models for  industrial  clusters 

Porter’s Diamond model 

The industrial cluster concept has rapidly risen to prominence based on Porter's (1990) 

book “The Competitive Advantage of Nations”. The clustering concept became the standard 

economic prescription and achieved policy stardom as the go-to tool for regional development 

(Harris and Menzel, 2023). Porter’s model (Figure 2-12) explains the factors that contribute to 

the competitive advantage of one nation or economy over another. Porter claims that it is the 

competitive environment created by the interaction between factors of the diamond that 

explains why some nations are successful and others are not. He proposes the diamond model 

answers why nations are successful in some niche industries but fail in others. 
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Figure 2-12 Porter's diamond model (Source: Porter, 1990) 

Porter (1990) presented case studies based on 10 countries with successful economies. 

He defined a cluster as a “geographic concentration of interconnected companies and 

institutions in a particular field.” Industrial clusters are evidence of the diamond at work. 

Pressure to innovate is amplified by the proximity of competitors, customers, and suppliers. 

Clusters form based on a foundation of local advantages and not due to government policies 

(Porter, 1998). The competitive capabilities and sophistication of companies are directly 

influenced by the local business environment. Porter advises governments to create high-quality 

inputs such as an educated workforce and physical infrastructure and advises against trying to 

create entirely new clusters where there is no indication of an existing cluster forming. 

Porter’s definition of a cluster has created confusion. It does not define spatial size, nor 

does it define how we judge interconnected companies (Van Egeraat, 2018). 

 

Triple  Helix model 

The triple helix is a model for industrial clustering and innovation proposed by 

Etzkowitz and Leydesdorff (1995). The model puts forward universities, government, and 

industry as the key stakeholders in innovation responsible for the clusters of Silicon Valley and 

Firm strategy, structure and 
Rivalry Chance  

Govern ment  
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Route 128. The interactions between Universities, Government and Industry create innovation 

and regional growth. A key example of this collaboration was the Massachusetts Institute of 

Technology (MIT) infusing local industry with strategic research. This led to a regional 

industrial cluster known as “Route 128”. Etzkowitz and Zhou (2014) stated that the triple helix 

model can be used to strategically create a sustainable “innovative region”. An entrepreneurial 

university interacting with industry and government can create a successful ecosystem 

anywhere. It  is claimed Silicon Valley was created through a university with porous boundaries 

(Etzkowitz and Zhou, 2018). Miller and Acs (2017) claim Western entrepreneurial ecosystems 

typically exist around world-class research institutes. The model shown in Figure 2-13 is 

visually represented by three circles representing government, universities, and industry. The 

overlapping indicates the interactions between them. Guzman and Stern (2015) and Fritsch and 

Slavtchev (2007) show that entrepreneurial activity near research universities is of a better 

quality than in regions in the same city that are more distant. Etzkowitz claims it  is the 

 

Figure 2-13 The triple helix, (Etzkowitz and Leydesdorff, 1995) 

interactive dynamic between the actors that is critical for the success of an ecosystem. Cooke 

(2005) agrees with the clustering effect, stating that stakeholders gather in clusters, which 

produces superior knowledge performance. 

Quadruple Helix 

Carayannis and Campbell (2009) proposed a ‘Quadruple helix’ (based on the ‘Triple 

Helix’) as a theoretical framework for innovation systems. The 'Quadruple Helix' emphasises 

the importance of also integrating the perspective of the public/civil society through media and 

culture. The quadruple helix is modelled with the additional circle representing civil society as 

shown in Figure 2-14. The government must communicate innovation strategy with the public 
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to maintain support for the innovation policies. The quadruple helix steps away from the linear 

top-down expert-driven development to one that enables engagement with consumers and 

customers (Arnkil et al., 2010). The quadruple helix enables the democratisation of knowledge 

(Carayannis and Campbell, 2009). 

 

Figure 2-14 The quadruple helix. Source (Author’s own schematic work based on Arnkil et 
al., 2010) 

 

 
Carayannis and Campbell (2009) claims that the quadruple helix represents a third 

mode of knowledge creation. Mode 1 is characterised by working largely within a discipline 

towards the aim of universal knowledge. Mode 2 is seeking knowledge to be applied to specific 

situations and is characterised by multiple disciplines working together on the knowledge 

creation. Mode 3 emphasises that knowledge creation occurs at different scales from the 

individual to institution to larger macro or global level, the entire eco system needs to be 

considered (Carayannis and Campbell, 2009). People, culture, and technology combine in the 

different elements of the quadruple helix resulting in a fractal-like structure. There are several 

methods to engage society in the development process living labs, field trials, societal pilots, 

and market pilots (Ballon et al., 2011). 
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The Quintuple Helix Model. 

The triple helix innovation model focuses on the interactions of the university 

government and industry. The quadruple model adds the public and civil society as a fourth 

element. The quintuple model is broader by adding ‘natural environments of society’ 

(Carayannis et al., 2012). The Quintuple Helix stresses the socioecological transition of society 

and economy in the twenty-first century, adding ecological sensitivity to the model. Figure 2-

15 shows a model of the Quintuple helix. 

 

Figure 2-15 Quintuple Helix (Source: Carayannis et al., 2012) 

 

The Double (entrepreneurial) Helix model 

The triple helix has been criticised as it does not consider the key role of the 

entrepreneur and therefore misses a fundamental element from the model. The quadruple and 

Quintuple helix build on the triple helix, so they have the same issue of not attempting to 

implement a top-down approach that entrepreneurs and scientists feel excluded from. By 

focusing on the system, the triple helix has ignored the individual. Brannback et al. (2008) argue 

that it is individuals who innovate, not organisations. The three actors in the triple helix model 

(Figure 2-13) are not enough to generate entrepreneurial activity. Based on a study, Brannback 

et al. state that the commercial world, along with entrepreneurs, have very little connection to 

the government and university world. A double helix is proposed consisting of entrepreneurial 

assets (human and organisational capital) and innovation assets (ideas), with bridging assets as 
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the link between them, see Figure 2-16. The double helix model argues that entrepreneurship 

and innovation are related but need to be treated differently. The bridging asset is described as 

a “liaison- animateur.” This liaison animateur proactively encourages connections between 

ideas (innovation assets) and people (entrepreneurial assets). The bridging assets assist in 

connecting the entrepreneur with critical human, technical and financial resources. Brannback 

et al. (2008) recommends the bridging assets are commercial firms that seek out viable ideas 

for commercialisation. Although not captured in the visual model, the double helix requires the 

presence of several actors to be successful; these are: active customers, innovators, 

entrepreneurs, venture capitalists, exit markets that facilitate the change of ownership and 

industrialists who scale ideas. 

 

Figure 2-16 The Double Helix Model (Source: Author’s own schematic work based on 
Brannback et al., 2008) 

Brannback et al’s conclusions and model is based on a study in Finland that included 50 

in-depth interviews. 

Fornahl et al (2015) state that clusters are not fixed. The networks and culture change 

as the cluster evolves. A characteristic of a mature cluster is increased collaboration and 

building competencies for collective action. They refer to a simple cluster model with actors, 

networks, and institutions. 
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The Entrepreneurial Eco-System 

Cohen (2006) first proposed the entrepreneurial eco-system (EE) based on earlier 

studies of the cluster in Boulder, USA (Correia et al., 2024). The term entrepreneurial eco-

system is a combination of Entrepreneur and Ecosystem. According to the Webster (2003) 

dictionary definition, an entrepreneur is the person “who organizes, manages, and assumes the 

risks of a business or enterprise.” 

The ecosystem is associated with biology and is defined as the physical environment 

and all interactions in the complex of living and non-living components (Stam, 2015). Drawing 

on work done on clusters, industrial districts, and helix models the entrepreneurial eco-system 

focuses on the external business environment but places the entrepreneur at the centre (Stam, 

2015). It is entrepreneurs being visible and connected that keeps the ecosystem healthy. To 

bring together all aspects of the EE, Stam (2015) created a model that includes insights from 

literature and includes causal links Figure 2-17. EE focuses on high-growth start-ups and does 

not count traditional measures or does not include the traditional statistical indicators of 

entrepreneurship, such as “self-employment”. EE consists of a diverse set of interdependent 

actors within a geographic region that influence the formation and eventual trajectory of the 

entire group of actors and potentially the entire economy (Cohen, 2006). 

 
 

 

Figure 2-17 Key elements, outputs and outcomes of the entrepreneurial ecosystem       
(Source: Stam, 2015) 

Elements of the EE can be separated into framework conditions and systematic 

conditions. The framework conditions include institutions of the physical infrastructure 

enabling human interaction. Culture will impact how people interact and be affected by the 

institutions present. Demand for goods and services can be a spur to start new ventures. The 
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framework conditions are fundamental to how value is added to the EE. The systematic 

conditions are at the heart of the ecosystem and determine the success or failure of it. 

Leadership is a set of visible entrepreneurial leaders that provide direction and role models for 

entrepreneurs. The networks of entrepreneurs enable effective information flows. The 

availability of talent in the form of skilled workers is an essential building block. Support 

services from a variety of providers reduce time to market and lower barriers. The EE generates 

entrepreneurial activity which in turn creates value, both of which provide positive feedback to 

the EE (Stam, 2015). 

Campus as the heart of an eco-system 

Miller and Acs (2017) propose a model that places the university entrepreneurial 

ecosystem at the centre. They use the model to explain increased entrepreneurial activity on 

university campuses. The model demonstrates that actors and cultures are part of a university 

entrepreneurial ecosystem. Miller and Acs further suggest that liberty and freedom are key 

cultural attributes of an entrepreneurial ecosystem. The boundaries of the university are 

represented with dashed lines, indicating they are permeable and welcoming (Figure 2-18). 

Breznitz (2013) highlights the importance of the campus having permeable boundaries 

allowing interactions with external organisations. He states that legislation and relationships 

are the factors that control the flow of technology between universities and industry. Increasing 

universities’ permeability is important to developing relationships in an entrepreneurial 

ecosystem. 

A university that is part of a cluster has better academic performance, as the journal 

impact is 41% higher and the rate of citation is 81% greater. (Bikard and Marx, 2020). A healthy 

ecosystem improves the flow of academic discoveries to industry. The presence and size of a 

university do not significantly impact innovation. The quality of research, as measured by 

external funds attracted, is statistically related to innovation in the ecosystem (Fritsch and 

Slavtchev, 2007). 
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Figure 2-18 The Campus as an entrepreneurial ecosystem. (Source: Miller, and Acs, 2017) 
 

 
Eco systems, capacities, and stakeholders 

The Massachusetts Institute of Technology (MIT) model an eco-system as a 

geographically bounded location in which innovation-driven entrepreneurship flourishes 

(Budden et al., 2019). The definition of innovation for the purposes of the model is the “process 

of taking ideas from inception to impact”. Figure 2-19 shows the ecosystem framework. There 

are four key elements foundational institutions, innovation and entrepreneurial capacities, 

comparative advantage, and impact. 

Foundational institutions include the rule of law, protection of intellectual property 

rights, strength of financial systems, and standard of political governance. Innovation and 

entrepreneurial capacities are modelled as two connected but separate capacities of the eco-

system. This is similar to the double helix model that Brannback et al. (2008) developed. It has 

separate innovation and entrepreneurial assets. The comparative advantage is demonstrated 

through areas of expertise, specialisms, natural resources, or assets. The comparative advantage 

may be visible in a geographic cluster or agglomeration of related industries. The innovation 

and entrepreneurial capacities should be focused on existing comparative advantages. The 

impact is the outcomes of the ecosystem system. Outcomes could be measured in several ways 

for example the number of innovative startups, patents issued or broader economic progress 

(Budden and Murray, 2022). The outcomes typically only change in a measurable way after a 
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prolonged period of time. 

 

Figure 2-19 MIT model innovation eco-system (Source: Budden and Murray, 2019) 

The two capacities are described as the twin engines of the system. Innovation capacity 

(I -CAP) is defined as the capacity of a place to develop new to the world ideas and take them 

from idea to impact. It is the translation of ideas into solutions such as useful products or 

services. 

Entrepreneurship Capacity (E-Cap) is a location's capability to form new enterprises. It 

is Innovation Driven Enterprises (IDE) that are relevant to the ecosystem. IDEs drive growth 

and make groundbreaking changes (Budden et al., 2019). Their capacity is the ability of the 

system to translate inputs to outputs, specifically innovative or entrepreneurial outputs. The MIT 

models five inputs to the I-Cap and E-Cap. The five critical inputs are Human Capital, funding, 

infrastructure, demand, and culture and incentives. The five critical inputs, along with suggested 

measures, are shown in Figure 2-20. 

The MIT model suggestion measures the capacity inputs and outputs. For human capital, the 

measure includes quality of education, level of education and employment in their fields. 

Unlike the Helix models the MIT model is very specific on measures for the Eco-system. 

Specific measures enable areas of weakness in the ecosystem to be identified and acted on to 

improve the Eco-System health. I -Cap output measures could include research publications 

or patent applications, E-Cap measures could include startup enterprises and their impact, for 

example, jobs created. 
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Figure 2-20: Innovation and Entrepreneurial Capacities The twin engines of the eco-system 

Source: Budden and Murray (2022) 

The MIT innovation eco-system model has five key stakeholder groups that interact 

with each other through the eco-system (see Figure 2-21). The stakeholders consist of the 3 

stakeholders of the triple helix proposed by Etzkowitz and Zhou (2018) and adds entrepreneur 

and risk capital. A successful ecosystem requires the active engagement of all five stakeholders 

(Budden et al., 2019). Risk capital is more than just venture capital; it  is any means of funding 

new enterprises, for example, government grants, bank loans and loans from friends and family. 
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Figure 2-21 Stakeholders in an innovation ecosystem. (Source: Budden and Murray, 2019). 

 

 
Comments and summary on cluster / eco-system models 

Since Marshall’s (1890) work industrial districts has proven to be an enduring theme 

that has been built upon for over a hundred years. Despite unforeseeable changes in technology 

and transport Marshall’s triad is still relevant today (Brosnan et al., 2016). The terms used to 

describe industrial districts have changed; Porter’s diamond identifies the competitive forces 

within a cluster as being essential. The ecosystem metaphor is useful as it gives a sense that the 

system can grow and thrive or decline and die. Detroit’s auto cluster is an example of industrial 

clusters whose once great status has declined and died (Bergman, 2008). The Triple Helix model 

offers a recipe for building an eco-system, world class universities, government spending with 

industry exploiting the fruits of the eco system (Etzkowitz and Zhou, 2018). The metaphor of the 

Triple Helix has been stretched with added layers of society and environment (Carayannis and 

Campbell, 2009) (Arnkil et al., 2010; Carayannis et al., 2012). The Helix models, despite 

becoming more complex do not include actors that are fundamental to other models, in 

particular the entrepreneur and financial investors are not seen as core parts of the model. The 

Helix models appear to ignore successful industrial clusters that have developed without world 

class universities or established industry to take advantage of research. Mauritius developed a 
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medical device cluster by creating sympathetic policies that encouraged investment and exports 

(Mauritius, 2023), Ireland created a medical device cluster through FDI encouraged by policies 

and availability of skilled labour (McKernan and McDermott, 2022). 

Miller and Acs, (2017) campus based eco system does include a wide range of actors, but 

the model is built around university as the creator of innovation, it is not suitable if  we wish to 

consider entrepreneurs from a wider environment. 

The MIT model of the innovation eco-system builds on the academic rigor of other 

models and has been used as a framework for Regional Economic Acceleration Programme 

(REAP). The REAP program has been used to create successful strategies for regions. Figure 

2-22 shows how the elements of the entrepreneurial eco-system align with the MIT Innovation 

Eco-System. The core of the MIT Innovation system rests on the Innovation and 

Entrepreneurial capacities, these align with the double helix model which uses the terms 

innovation and entrepreneurial assets. 

 

Figure 2-22 Alignment between MIT Innovation Eco-System, entrepreneurial eco system and 
the double Helix. (Source: Author’s own work) 

The entrepreneurial eco-system model proposed by Stam, (2015) aligns with the layers 

in the MIT innovation model. The framework conditions of the entrepreneurial model align 

with the foundation’s institutions of the MIT model. Figure 2-22 shows visually the alignment 

of the layers. 
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2.14. The Boulder thesis 

The Boulder thesis proposes principles that create and sustain a successful 

entrepreneurial eco system. Feld (2020) develop the thesis based on his involvement with the 

Boulder Colorado start-up community. There are 4 key principles: 

1) Entrepreneurs lead the community. This is like the entrepreneurial ecosystem 

models proposed by Brannback et al., (2008), MIT innovation model and Stam, 

(2015). 

2) Leaders must have a long-term commitment to the community, Feld suggest twenty 

years. 

3) The community must be inclusive and welcoming. A successful ecosystem is built  

on diversity and inclusion. 

4) The ecosystem must have regular activities and events that engage the entire 

community. 

Feld adds two stakeholders to the MIT model see Figure 2-23. Mentors are entrepreneurs or 

experienced business leaders that help startups in their journey. Service providers, offering 

support such as legal services, marketing, accounting, and the functions required to ensure 

success of start-ups. 

 

Figure 2-23 Stakeholders in the bolder thesis (Source: Feld, 2020). 
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The bolder thesis describes principles that can be observed through behaviours of the 

eco-system. In effect these behaviours are the culture of the eco-system. For example, principle 

four is the eco-system must have regular events, which are inclusive. These events are part of 

the culture of the eco system in action. 

 
 

2.15. Problems with clusters and cluster models 

Governments around the world have enthusiastically embraced Porter’s, (1998) cluster 

theory as the go to tool to stimulate growth in countries and regions through improved 

competitiveness. Porter’s diamond and the subsequent models of eco-systems is a ‘seductive’ 

concept, but popularity does not mean the concept is without problems (Martin and Sunley, 

2003). Partially due to hype and popularity the cluster concept is accepted as an act of faith 

rather than a theory to be rigorously tested and evaluated. Harfield, (1998), suggests Porter’s 

work and the clustering framework is popular as it  provides an “illusion of control, legitimacy 

and security in the face of uncertainty”. The clustering concept has the required characteristic 

to be a brand or possibly a myth (Harfield, 1998). Leendertse et al., (2022) state despite the 

popularity of the clustering concept there is a scarcity of credible metrics and there is not a 

framework for actionable economic policy. 

A problem with cluster theory is if every region adopted it none would have a 

competitive advantage. The model fails to address Krugman’s, (1994) point that nations and 

regions do not compete with one another in the way that firms do. It is the rate of productivity 

growth that determines the prosperity of locations, cities, and regions. Krugman argues 

productivity is not related to competitiveness. Porters diamond model assumes competitiveness 

is the basis to improve the health of a cluster, while Krugman points out productivity is the 

critical factor. 

The definition of a cluster is not specific, Porter, (1990) used the definition of ‘a 

geographically proximate group of interconnected companies and associated institutions in a 

particular field, linked by commonalities and complementarities”. The distance in 

‘geographically proximate’ is not defined nor is the term interconnected. May et al., (2001) 

state the proximity extends to ‘fifty miles. Zucker and Darby, (1996) highlight that without any 

cultural or language barriers the rapid diffusion of learning is lost on the continental scale. 

Tartari et al., (2021) showed learning and knowledge sharing dropped rapidly at distances 

greater than 5 miles. Ferretti et al., (2022) based on a study of venture capital investments and 

intellectual property transfers found that the quality and quantity of  
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knowledge flows cluster remembers experienced significant distance decay. Often the 

main actors were on the same street or building. Storper and Venables, (2004) refer to the 

buzz of face-to-face contact and how intangible items such as intellectual property (IP) has 

very high “shipping costs”. The high shipping costs of IP explains why firms cluster in 

downtown districts and are prepared to pay a premium in rent for the locations. Evans, (2023) 

found a reduction in knowledge spill overs in distances as little as 250 meters. 

The definition of proximate is not defined by Porter nor does he define ‘interconnected 

companies.’ Valkokari, (2015) states there are diverse types of eco systems and the rules of the 

game change with each one. The logic of this argument is different models are required for 

each type of cluster. This is further complicated by Mason and Brown, (2014) observation that 

every cluster is different and unique. Does this now mean an infinite variety of models is 

required? As the definition of a cluster is vague the term has been applied to almost any problem 

that can have a collective solution (Rosenfeld, 2001). Just because there is an association 

between some high-growth industries and various forms of geographical concentration does 

not mean that this concentration is the main cause of their economic growth or relative success 

(Rosenfeld, 2001). 

Every advantage that a cluster offers comes with a corresponding disadvantage (Martin 

and Sunley, 2003). The down sides that Martin and Sunley identify for clusters are symptoms 

of success. High job growth may lead to high staff turnover, but the logical counterfactual of 

job growth is high unemployment, which is not a credible alternative. Table 2-9 lists advantages 

and disadvantages of clusters. 

 

Table 2-9 Advantages and disadvantaged of clusters. (Source: Adapted from Martin and Sunley, 
2003) 

 

Claimed advantage of cluster Potential disadvantage 

Higher growth and productivity Inflation in labour, rents, and property. 
Capacity concerns and material shortages. 

Increased profitability. Widening income disparities. 
Increased competitiveness through 
specialisation. 

Locked into a technology dead in. 

High job growth and good job matching. High staff turnover/ traffic congestion and 
housing shortages. 
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Collaborative culture/sharing of ideas Loss of control of IP and losing competitive 
advantage through other firms coping IP. 
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Claimed advantage of cluster Potential disadvantage 

Proximity: Cluster members are spatially 
close to each other enabling sharing of ideas 

Traffic, capacity bottlenecks. 

 
2.16. Comparison of real-world  clusters 

In this section the researcher compares 5 different clusters from around the world. 

Reviewing the very different origins and characteristics of the clusters. 

Tuttlingen in Southern German has a population of 35,000 people and makes fifty 

percent of the world’s global surgical instruments (Kelly, 2017). It developed during the 17th 

century taking advantage of local factor conditions that provided resources of iron, wood, and 

transport on the Danube (Halder, 2002). The cluster was initiated by knife and nail forging 

firms eventually specializing in surgical instruments. Despite intense rivalry between firms, 

they have a strong culture of collaboration particularly institutional linkages to help train 

apprentices. As a successful cluster the firms face challenges hiring labour. They see EU 

legislation on the Medical Device Regulations (MDR) as a threat particularly to SMEs in the 

cluster (König, 2023). This external threat along with lower costs locations is encouraging 

increased networking among firms in formal organisations such as Medical Mountains (König, 

2023). Medical Mountain offers a network to support the clusters’ growth and development. It 

provides training events, certifications, access to trade shows, lobby government and provide 

tools and templates for members (Gebel, 2024). In 2009 the cluster successfully lobbied to have 

a university campus established in the town (Beck, 2021). 

Mauritius is a remote Island in the Indian ocean 2000 kilometres from the East African 

coast. It did not enjoy the favourable factor conditions that established the medical device 

cluster in Tuttlingen. Overcoming its remoteness, lack of resources and small home markets 

Mauritius developed policies to encourage export manufacturing (Auty, 2017). Mauritius 

medical device exports are mainly to France and India (Mauritius - Medical Equipment, 2023). 

Policies included reducing customs duties, work force education and grants and incentives. The 

cluster is still an early stage, with initial companies established in the 1990s its estimated to 

have become a cluster in 2015 (LEFÈVRE, 2023). The main products are catheters, sanitary 

masks, syringes and protective equipment. The country has systematically improved  

supporting infrastructure developing clinical with the capability to complete trials (Mauritius, 

2023). Mauritius is an example of a cluster that was created primarily through purposeful 

government policies (Auty, 2017) rather than the triple helix of government, university, and 

industry. 
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Silicon Valley originated in 1956 when William Shockley established Schockley 

Semiconductor in Santa Clara in California (Kenney, 2017). Silicon Valley has had remarkable 

success in spawning firms that have changed the world Intel and Google are two examples. 

Silicon Valley can be considered the “800-pound gorilla”  of innovation clusters and high-tech 

start-ups with 42% of the total USA venture capital invested there (Stephens et al., 2019). 

Etzkowitz and Zhou, (2018) claims the secret of the valley’s success is the triple helix of 

academia, industry, and government. They put the original success of Silicon Valley down to 

universities with porous boundaries. In studies high potential start-ups in Silicon Valley have 

been centred around research institutions supporting Etzkowitz claim that academic institutions 

are at the centre of the valley’s success (Guzman and Stern, 2015). Gold, (2018) claims Berkeley 

and Standford act as magnets for talent, technology and capital supporting a vibrant eco- 

system. The US government was a vital customer at founding of Silicon Valley offering cost 

plus contracts and supported policies that enabled industry to commercialise the intellectual 

property. It was the interplay between teams of entrepreneurs and institutions that created the 

eco-system not a top-down strategy (Kenney, 2017). Venture capital industry grew supporting 

the growth of the vibrant eco system and making the valley less dependent on government 

contracts. The growth of Silicon Valley was thanks to the parallel expansion of venture capital 

funding (Kenney and Florida, 2022). Guzman and Stern, (2015) lists 35 of the sites that are 

considered part of Silicon Valley, where there is a line of high entrepreneurial activity that 

stretches approximately 30 km (19miles) from Redwood to Sunnyvale. Six cities are shown in 

Figure 2-24 that have high entrepreneurial activity and make up the core of Silicon Valley. 
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Figure 2-24 Cities in Silicon Valley with high entrepreneurial activity. (Source: Author’s own 
work). 

A twenty-kilometre square can enclose the six key cities of Silicon Valley. Stanford 

university is physically close to the centre. The entrepreneurial output of these cities is ninety 

times that of the lowest entrepreneurial cities in California (Guzman and Stern, 2015). This  

entrepreneurial area is highly local with significant variations on individual city blocks. A 

successful cluster appears to be about more than academia, government and industry. Culture 

and institutional structures are important in fostering networks, which enable entrepreneurs to 

access and mobilize the resources required to launch new start-ups. Social groups and meet-ups 

play an important part in fostering networks and getting entrepreneurial talent to stick in a region 

(Stephens et al., 2019). This supports the Bolder thesis made by Feld (2020). 

Like Silicon Valley, the cluster near Boston known as Route 128 took off after World 

War 2 with support from the military and the space program. The cluster specialised in computer 

hardware and software, employing 250,000 people within a 30-mile radius of Boston. Route 

128 established global leadership in minicomputers, producing the first computer for less than 

US$20,000 and supplying 70% of the production in the USA (Dorfman, 1983). 

Academic institutions created advanced factors giving the cluster an advantage. For 

example, in 1980 MIT produced 80% of the graduates hired by the high-tech firms of the cluster 

(Results of Survey on Human Resource Needs, 1981). The development of the cluster has been 

largely indigenous and spontaneous (Dorfman, 1983). With the downturn in minicomputers, the 

cluster was forced to reinvent itself. Boston now has one of the largest agglomerations of 

Biotechnology in the world. In 2015, US$2.9 billion was invested in 91 biotechnology startups. 

The boom in Biotech can be traced to the founding of scientists from the local universities of 
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two major Biotech firms Biogen and Genzyme in the 1980s (Stephens et al., 2019). Boston-

based firms tend to focus their efforts on orphan medicines for established patient groups. 

Silicon Valley tends to aim big for pioneering medicines targeting a global market (Owen-

Smith and Powell, 2007). Both Silicone Valley and Route 128 have clusters based on densely 

interconnected networks. Although the clusters are similar, they have developed differently. 

Owen-Smith and Powell, (2007) found from a study that initial Bio-tech firms in Boston 

developed links with public institutions such as Universities. In Silicon Valley Bio-tech firms 

developed links with venture capital firms first. As the clusters matured both expanded links 

with networks of industry, venture capital firms and academic institutions (Owen-Smith and  

Powell, 2007). Boston successfully reinvented its cluster and avoided the technology lock-in 

that has seen the Detroit automotive cluster decline (Bergman, 2008). 

As mentioned previously, the Galway medical device cluster was initiated based on 

foreign direct investment mainly in the 1990s from USA multinationals (Bamber and Gereffi, 

2013; McKernan and McDermott, 2023). An English-speaking workforce, competitive tax 

rates and actively promoting itself encouraged Foreign Direct Investment (FDI) in Ireland. The 

MNE firms helped develop the cluster's capabilities and competencies, triggering a wave of 

medical device startups (Giblin and Ryan, 2015), creating a “virtuous circle of a vibrant 

cluster”. The MNE firms are part of a global supply chain which is highly associated with 

spatial concentration (Grover and Lall, 2021). The Bio-innovate program based at the 

University of Galway has been highly successful in creating new medical device companies 

(Brinton et al., 2013, Bruzzi and Linehan, 2013a, Fritzsche et al., 2021, McGloughlin et al., 

2018, O’Halloran, 2022, 2023, Toshihide and Nobuhiko, 2018). The program is credited with 

the creation of 33 new companies, has raised €270m and launched 45 new projects 

(O’Halloran, 2022). As the medical device companies do not have a local market, they are born 

global from day one (McKernan and McDermott, 2024a). Table 2-10 compares clusters. 

Comparing these clusters to the definition of a cluster helps in making the definition 

specific. Porter, (1990) used the definition of “a geographically proximate group of 

interconnected companies and associated institutions in a particular field, linked by 

commonalities and complementarities”. Comparing the geographic size of the clusters 

reviewed in this chapter reveals all the clusters are relatively compact. Silicon Valley could be 

placed in a rectangle with 20km sides. The actors or stakeholders in the cluster expand beyond 

the 3 actors in the triple helix model. The entrepreneur and venture capital are the key 

stakeholders missing from the triple helix model. 
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Table 2-10 Comparison of clusters (Source: Author’s own work) 
 

Cluster Geographic 
proximate (sides of a 
square that can 
enclose the cluster) 

Key actors 
(associations/institutions) 

Tuttlingen 5 km Industry 
Venture 
Capital 
Universities 

Mauritius 10km Government, 
Industry, 

Silicon Valley 20km Industry 
Government 
Universities 
Venture capital 
Entrepreneur 

Route 128 15 km Universities 
Industry 
Government 
Venture capital 
Entrepreneur 

Galway 10km Industry (FDI) 
Government 
Entrepreneur 
Universities 
Venture capital 

 
 

2.17. Cluster models 

The researcher will use a cluster model to develop a strategy for the Galway cluster. This 

model will be used to structure the fieldwork and research under discussion. Porter's diamond 

model proposes that it’s the local competitive forces that make the cluster successful. In the case 

of the Galway cluster, firms are selling globally and are not competing in the home market. For 

the MNEs, the greatest competition is from sister sites within their own network. The model 

could be used to analyze the Galway cluster, but it is not an ideal fit. 

The Helix models are focused on academia, industry and government, creating 

industrial clusters that continually evolve. The model misses key actors; for example, it  can be 

shown new start-ups in Silicon Valley first make formal links with venture capitalists before 

academic institutions (Owen-Smith and Powell, 2007). Miller and Acs (2017) model of an 

academic campus as an entrepreneurial ecosystem places the academic institution at the centre 

and as the driver to creating an eco-system. The Galway cluster was not initiated by academic 

institutions making the premise of a campus as an Entrepreneurial Ecosystem a poor match in 
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the case of the Galway cluster. 

Cohen's (2006) entrepreneurial ecosystem model details a wide range of stakeholders 

and includes outcomes, which are important for a successful strategy. The ecosystem is based 

on a framework and systematic conditions and considers a wide range of elements, such as 

culture, networks, infrastructure, and demand. 

The MIT Eco-system model places the entrepreneur as the key actor in an eco-system. 

It has been shown that the attraction and retention of entrepreneurs are important to the local 

and regional economies (Florida, 2014). The MIT model builds upon previous academic 

models, for example, using the double helix model as part of its capabilities. The MIT model has 

specific measures that are aligned to the capacities of the eco-system. The soft side of an eco-

system is considered, and culture and incentives are included in the capabilities. The actors 

modelled in the ecosystem match the Galway cluster. The MIT model is a good fit for the 

Galway cluster because the actors align with those present in Galway. The explicit measures it 

suggests enable the outcomes of a cluster to be measured. 

 

2.18. Gaps in literature  that are addressed by this research. 

Although the medical device industry and the medical device cluster in Galway have 

been studied, these studies have been largely descriptive in nature and do not recommend an 

overall strategy for the cluster. Of the 27 papers reviewed in the SLR 67% were purely 

descriptive in nature. An example of descriptive papers include McGloughlin et al. (2018), 

Bruzzi and Linehan (2013a), Fritzsche et al. (2021), McCormack et al. (2015) and Sharif and 

Quinn (2021). All of the papers discuss the Bio-innovate program and its benefits. The analysis 

of Bio-innovate is useful; the papers highlight the success of the program, but they do not 

present a future strategy for the ecosystem. 

A framework or model for the Galway cluster is not considered in publications 

reviewed in the SLR. The publications agree that the cluster was initiated by multinational 

investment (McKernan and McDermott, 2024a), but none of the publications in the SLR offer 

a model for the Galway cluster. The Etzkowitz and Zhou (2018) triple helix model has become 

a classic representation of a cluster; however this may not be suitable for a cluster that was 

initiated by multinationals rather than a university campus. Porter’s diamond or Stam’s (2015) 

Entrepreneurial Eco-System are models that may represent the cluster but have not been 

assessed in the literature for their applicability to the Galway cluster. It has not been assessed  

if using a model is useful in determining a future strategy. 
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Where recommendations are made, they either do not consider a holistic ecosystem or 

the recommendations tend to be broad without specific actions. An example of a broad 

recommendation is by Cunningham et al. (2020), who recommends encouraging more 

intrapreneurship in multinationals; however, there is no detail of policy changes to make 

this happen. Giblin and Ryan (2012) provide an excellent summary of the cluster; the key 

recommendation is to “continue the policy of attracting FDI and growing local industry”. The 

recommendation does not suggest new actions to improve the health of the cluster. In the 

paper “From Bricks to Brains,” Haugh (2013) has policy recommendations on fostering 

innovation, but they are focused on national policies such as ‘strengthening the higher 

education funding system and governance’. There is a gap in the literature on holistic 

recommendations that improve the health of the ecosystem. 

The publications have limited measurements of the cluster. A key theme in the literature 

is innovation. The publications do not have measures of innovation and, therefore, cannot 

directly compare innovation in the medical device cluster in Galway with innovation globally 

within the industry. The impact of multinationals on the Galway cluster is a key theme in 

literature. There are no measures in the publications on how multinationals affect innovation 

and the type of innovation implemented in medical device clusters. Publications claim that 

multinationals are choking innovation (Sultan et al., 2021). 

The definition of a cluster is not agreed upon, and publications do not answer what scale 

is suitable for analysing the Galway cluster. It is unknown as to whether the cluster is best 

studied as an all-island cluster, a region, or a very close geographic space. An overall criticism 

of cluster theory is a lack of definition (Valkokari, 2015). 

Culture is only superficially considered in publications. Papers hint at the culture 

present; for example, McCormack et al. (2015) state there is a prolific level of open innovation 

in the Galway cluster. This suggests a culture of collaboration among stakeholders. Giblin and 

Ryan (2015) state that multinationals are at the heart of a ‘vibrant’ cluster, this hints at the 

culture present in the cluster and that multinationals have a significant impact on it. The effects 

of culture on a cluster are not considered in publications on the medical device cluster in 

Galway. There is extensive literature placing culture as critical to the development of a cluster 

including Chandler and Saxenian (1995), Evans (2023), Ferretti et al. (2022), Marshall (1920),  

Runiewicz-Wardyn (2020), Cooke (2005), Hermelin et al. (2014), and Tallman et al (2004). 
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2.19. Summary and conclusions of chapter 

This chapter started with an overview of the global medical device industry. 

Demographics is a key factor that causes global compound growth in the medical device 

industry. Despite constant growth, the industry faces constant price erosion. The chapter moves 

from a global scale to a local one by focusing on the medical device industry in Ireland using a 

SLR. Four key themes evolved from this: Innovation, entrepreneurship/start-ups, clusters/eco-

systems and Bio-innovate. Publications on the Irish medical device industry describe in detail 

the characteristics of the industry, how it has evolved, global connections and the clustering 

effect of the industry. The papers do not give strategic recommendations for the industry in 

Ireland. The industry in Ireland faces risks: costs are rising, it is not a low-cost location, 

regulatory changes will delay innovation, and the selling price for its products is relentlessly 

falling. Published papers do not place Ireland in the global context, and therefore, 

recommendations do not address falling prices, rising costs and competition from a global 

network. 

Clustering is the go-to policy to increase productivity, innovation, and competitiveness 

(Rosenfeld, 2001). The chapter reviewed models for clustering and eco-systems. Marshall’s 

ideas on clusters from over a hundred years ago still provide a relevant framework. Recent 

models of ecosystems place the entrepreneur as a key player in the ecosystem’s success. While 

institutions and physical infrastructure may be important, culture, networking and sharing of 

ideas are at the heart of the current models of a healthy eco-system. 
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3. Research Methodology 

3.1. Introduction 

This research aims to develop a strategy for the Galway medical device cluster based 

on the voice of the industry and academic literature. The purpose of this chapter is to explain 

the research methodology and process adopted to achieve the research aims. The research 

process is discussed, showing the logical flow, and the researcher justifies the research methods 

chosen. The link between the research aim, objective and research questions is discussed. The 

links between research gaps identified from the literature review and the research objectives 

are explained. The chapter discusses how the researcher's philosophical approach impacted the 

research methods chosen. A rationale and justification for mixed methods research is presented. 

The researcher presents the theoretical framework and rationale for choosing it. The approaches 

to qualitative and quantitative research are detailed. Finally, the limitations and justification of 

the research methods are discussed. 

Research methodology is the primary principle that guides this research. The 

methodology is the general approach used in conducting the research on the Galway cluster, 

and it determines the research methods used (Dawson, 2019). The research methods are the 

tools used to complete the research, for example, semi-structured interviews. Research design 

is the plan from conception to the final analysis of data that answers the research questions. 

The research design acts as the blueprint for how data has been collected and analysed while 

maintaining consistency, reliability and validity of data. 

The researcher has provided sufficient detail of the methodology to enable others to 

replicate the research if desired. For example, the description of the methods includes details 

of the databases used and how the queries were created. 

The researcher's previous experience has helped in executing the research. For example, 

work on the board of the Irish MedTech Association has given the researcher significant 

background information on the medical device industry, making the researcher familiar with 

the wider European context. It  has also provided the researcher with a network of senior-level 

executives and company founders who were available for semi-structured interviews. 

The researcher has been enthusiastic about collaborating with a broad range of 

stakeholders so that this work can contribute to practice as well as theory. The action research 

aims to effect desired change by empowering stakeholders with the required knowledge. 
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3.2. The Research Process 

The research process is represented in Figure 3-1 and Table 3-1. Although it is shown 

linearly and in theory the researcher can progress from one step to the next the process. 

Moore (2018) states in theory that you move from the start of the research to the objective of 

the research and then tell others about it; reality is much more complex than that. During the 

research there have been significant iterative steps. The qualitative analysis and themes 

triggered the requirement to complete quantitative research leading to new insights in the 

qualitative analysis. 

 Data Collection 
  and Analysis  

 
 
 

Exploratory 
Sequential 

Design  
 
 
 
 
 

 
Figure 3-1 Research process, (Source: Author’s own work) 

Builds to  

Interpretation  

and Analysis 
Data Collection 

Quantitative 

Aims & 
Objectives 

Literature 
review 

Knowledge 
Gaps 

Research 
Questions 

Qualitative 
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Table 3-1 Overview of the research process. (Source: Adapted by author from Bryman, 2015) 
 

Positioning the Research 1. Identify a broad area of 

study 

Clustering effect and 

strategy 

2. Select the research topic Medical device cluster in 

Galway, Ireland. 

Research Philosophy 3. Decide the approach Pragmatism 

Research Strategy 4. Formulate the plan by 

selecting the research 

methods. 

Qualitative interviews are 

supported by quantitative 

data. 

5. Collect the data Sources of evidence: 

Semi structured Interviews 

Literature review 

Quantitative analysis from 

databases. 

6. Analyse and interpret the 

data 

Theoretical framework 

7. Present findings Summary using framework 

 
 

 
3.3. Research aims, objectives and questions 

Studies on the Galway medical device cluster do not propose overall strategies for the 

cluster to implement. The research aim is to develop a strategy for the Galway medical device 

cluster based on the voice of the industry and academic literature. This will be achieved by 

identifying key themes and actors that impact the cluster and, based on these, developing overall 

strategic actions. The research aim gives the purpose of the project and provides clarity to the 

researcher and reader (Nicholas, 2024). Doody and Bailey (2016) state that the first step of any 

study is in developing the research aim, questions and objectives. They state a successful study 

requires both an aim and objectives.  

The research objectives are listed below. 

�x Contrast the Galway cluster with existing industrial clusters studied in literature. 
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�x Propose a framework/model that is suitable to analyse clusters (Galway medical 

device cluster in particular) based on academic literature. 

�x Describe the innovation characteristics present in multinationals and start-

up companies in the cluster. 

�x Propose a strategy and metrics for the Galway medical device cluster based 

on a holistic framework. 

 
 

3.4. Knowledge gaps 

In chapter two a SLR was completed to establish knowledge gaps. This identified new 

opportunities for research and themes where a contribution to knowledge could be made. Wald 

et al. (2024) states that a gap in literature provides a rationale for research and further study. 

Identifying gaps in academic literature, therefore, helps to advance and improve collective 

knowledge. Identifying gaps in current literature is the dominant way of developing research 

questions (Sandberg and Alvesson, 2011). Therefore, the researcher can use this well-

established practice to confirm the research objectives and contribute to knowledge. 

Tabel 3-2 lists the knowledge gaps identified in chapter 2 and the research objectives 

that will be used to close the knowledge gap. By fulfilling the objectives, the researcher has 

completed the core outcomes of the research and contributed to the body of knowledge on 

clusters. 

 
Table 3-2 Knowledge gaps and research objectives to close (Source: Author’s own work) 

 

Knowledge gap Research objective to close the gap 

A framework or model for the Galway 

cluster has not been considered in 

publications. 

Propose a framework/model that is suitable 

to analysing clusters based on academic 

literature. 

Wholistic recommendations that improve 

the health of the ecosystem. 

Propose recommendations for the Galway 

medical device cluster based on a holistic 

framework. and measures for the cluster. 

There are no measures in the publications 

on how multinationals affect innovation and 

the type of innovation implemented in 

medical device companies. 

Describe the innovation characteristics 

present in multinationals and start-up 

companies in the cluster. 
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Culture is only superficially considered in 

publications. 

Determine the culture present in the cluster 

and how it affects the cluster. 

Publications have limited measurements of 

the cluster. 

Develop measurements for the cluster that 

align to the model selected. 

 
3.5. Research Philosophy 

Moon and Blackman (2014) state that understanding the philosophy that research is 

based on is critical to ensuring that the outcomes are appropriately and meaningfully 

interpreted. Research can only meaningfully be interpreted when decisions that affect the 

research outcomes are understood. These decisions are based on philosophical principles, even 

if the researcher does not realise it. Tsang (2017) reviewed 50 articles on research philosophy 

from leading journals. Table 3-3 summarises the articles comparing Positivism, 

Postmodernism, Critical Realism and Pragmatism from the perspective of three philosophical 

questions: Ontology, Epistemology and Methodology. 

 
Table 3-3 Comparison of positivism, postmodernism, critical realism, and pragmatism. 

(Source: Tsang, 2017). 
 

 Positivism/ 
Objectivism 

Subjectivism/ 
Constructivism/ 
Interpretivism 

Critical realism Pragmatism 

Ontology Social 
phenomena and 
their meanings 
have an 
existence that is 
independent of 
social actors. 

Reality is 
socially 
constructed 
through 
subjective 
meanings, 
shared 

Objective, 
stratified reality 
with domains of 
the real, actual, 
and empirical 
consisting of 
structures, 

Objective 
reality, local 
and specific 
realities. 

  language, and mechanisms  
  social politics, and events  

  multiple   
  realities are   

  possible.   

Epistemology Empirical Knowledge Theoretical Concepts and 
 testing and produced by explanations theories are 
 verification of particular produced from instruments to 
 theories based language empirical data solve human 
 on a games; rejection for describing problems rather 
 hypothetic- of the structures than 
 deductive metanarratives and representations 
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 Positivism/ 
Objectivism 

Subjectivism/ 
Constructivism/ 
Interpretivism 

Critical realism Pragmatism 

 approach, to 
discover law- 
like 
relationships 
that have 
predictive 
power 

and acceptance 
of pluralism and 
fragmentation 

mechanisms 
that generate the 
observable 
events, 
emphasising 
explanation 
over prediction 

of reality; truth 
is an increase in 
the power to 
cope with the 
environment. 

Methodology The researcher 
assumed to be 
unbiased and 
value-free 

Involvement 
of researcher 
in shaping 
research 
results 
explicitly 
described in 
detail; 
preference for 
semiotic and 
deconstructive 

                      techniques 

Researcher to 
control bias. No 
preference for a 
form of research. 

Researcher as 
an active 
participant in 
the process of 
transformation; 
preference for 
mixed research 
methods. 

 
Ontology 

Ontology is the study of being (Moon and Blackman, 2014). I t is concerned with what exists 

that humans can acquire knowledge about. Ontology deals with the nature of reality and reflects 

the researcher’s interpretation of what is a fact and what is the nature of reality (Blaikie, 2010). 

Ontology is important as its principles are used to build theories and models, enabling the 

researcher to better understand the world. The Positivism/Objectivism position asserts “that 

social phenomena and their meanings have an existence that is independent of social actors” 

(Bryman, 2012). Subjectivism perceives that social phenomena are created from the actions 

and perceptions of social actors. Reality is socially constructed. The objective of the research 

is to define the culture present in the cluster. The actors in the cluster and their behaviour are 

critical to creating the culture. A subjectivism approach will be adopted by the researcher. This 

will include interviewing actors in the cluster as their actions are a key part of what creates the 

reality of the cluster. 
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Epistemology 

Epistemology is the study of knowledge. In a narrow definition, epistemology sets out 

the necessary and sufficient conditions for knowing a particular statement. Knowledge is 

traditionally defined as a justified, true belief (Krishna, 2024). Taking the example of the 

Galway medical device cluster an epistemology approach may ask questions such as: What do 

we know about the cluster? How do we justify our beliefs about the cluster? Does the cluster 

have knowledge? Epistemology is the part of philosophy that questions our beliefs, it reveals 

what can and cannot be justified (Sol and Heng, 2022). Knowing something is true is different 

from believing it is true. 

Epistemology is crucial in research as it explains how we understand and acquire 

knowledge. The approach aids in evaluating the quality of our knowledge by identifying biases, 

limitations, and gaps in our understanding. This leads to more robust research design. 

Epistemology answers how we know something. Epistemology has guided the researcher in 

choosing research methods and justifying their selection. By emphasising truth, justification, 

and beliefs, it has enabled the researcher to set a higher standard than intuition. 

Positivism is an epistemological approach that focuses on observable facts based on the 

scientific method (Flick, 2018). Our knowledge can only be based on observation and 

experiment i.e. knowledge is based on scientific experiment. For positivism research must be 

done free from the researcher’s own values and therefore research findings will be objective 

(Cohen et al., 2018). Critics of positivism argue it is less successful in the study of human 

behaviour and culture where the intangibility of social norms make empirical inquiry more 

difficult (Cohen et al., 2018, Flick, 2018). 

Due to positivism's limitations, interpretivism, an alternative position, holds that the 

world depends greatly on the researcher’s interpretation of it. Interpretivism is important for 

studying culture and the social world (Gray, 2014). Interpretivists tend to use qualitative 

approaches, typically using a smaller number of participants and in-depth interviews to collect 

and analyse data (Sol and Heng, 2022). 

For the researcher it is strange that we find two opposing approaches both seeking to 

find the truth. This view is shared with a pragmatist view; it focuses on practical solutions to 

address problems and selects the most suitable tool for the research being addressed (Savin- 

Baden and Major, 2013). The pragmatist researcher focuses on the research problem and will use 

the most suitable method for data collection and analysis (Dancy et al., 2010). The pragmatist 

researcher will often use mixed methods to understand and answer the research question 

(Creswell, 2003). 
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As a key research objective is describing the culture in the cluster the researcher will 

use a pragmatist approach to the research. The most appropriate research methods will be 

selected to achieve the research aims. 

3.6. Ethnography 

One of the themes selected for the research is culture and incentives. The researcher 

attempts to look at the culture from an external perspective but is embedded in the industry so 

much of the perspective is etic. The researcher is a participant observing the culture internally. 

Taylor and Francis (2013) define ethnography as the study of culture and suggest 9 steps as shown 

in Table 3-4. 

 
Table 3-4 The 9-Step Method to Ethnography. (Source: Author’s own work adapted from 

Taylor and Francis, 2013) 
 

9-Step Method for Ethnography Study Relevance to Thesis 

Identify the culture to be studied. Medical Device Industry in Ireland 

Identify the significant variables within the 

culture. 

Collaboration and information sharing 

among stakeholders in the industry. 

Review existing literature Systematic literature review 

Gain entrance Not applicable; already a member 

Immerse within the culture or observe the 

culture 

Not applicable already immersed 

Acquire the informants Used contacts in the industry 

Gather data Interviews 

Describe the culture 5 papers summarised 

Develop Theories Circumstances that explain the level of 

collaboration and information sharing. 

Presented within the theoretical 

framework. 
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3.7. Methodology 

Methodology is defined as how we acquire knowledge of reality; for this reason, it  is 

fundamental to research (Vitale, 2023). It includes the approaches, practical steps and 

techniques used. Our position on how we know something to be true directly impacts the 

methodology approach (Crossman, 2019). Nomothetic and idiographic are the two significant 

approaches that can be used. “Nomothetic” comes from the Greek word “nomos” meaning 

“law”. The nonmothetic approach involves establishing laws or generalisations that apply to 

everyone. “Idiographic” comes from the Greek word “idios” , meaning “own” this approach is 

interested in the discovery of what makes us unique (McLeod, 2023). An idiographic approach 

makes sense of meaning through words and expressions. Table 3-5 compares the approaches. 

 
Table 3-5 Comparison of nomothetic and idiographic approaches (Source: Author’s own work 

based on Mcleod, 2023) 
 

 Nomothetic 
Approach 

Idiographic 
Approach 

Focus Seeks general principles and 
patterns applicable to groups of 
individuals. 

Emphasis’s the uniqueness of 
individuals within their unique 
context. 

Methodology Generally, utilises quantitative 
methods (Such as experiments and 
observations) to collect data. 

Generally, uses qualitative methods 
to gather in-depth information about 
a person. 

Goal Identifies universal patterns, traits 
and characteristics that can be 
generalized across people. 

Understand individuals (or small 
groups) through their emotions, 
behavior and experiences. 

Examples Establish general laws or 
principles with wide application. 

Case studies, 
Qualitative interviews 
Narrative analysis. 

Strengths Precise measurement, prediction, 
controlled methods and empirical 
testing. 

Rich insights, personalized  
understanding and context specific 
knowledge. 

Typical tools Numerical data, 
Experiments 
Structured Interviews 
Surveys 
Scientific method 

Case study 
Unstructured interviews. 

Limitations Predications made about a group 
may not apply to the individual. 
Can lose sight of the ‘whole 
person’. 

Can be time consuming. It  takes time 
and effort to study individuals in 
depth. 

 
Although the approaches appear to be in conflict Mcleod, (2023) states they should not be seen 

in this way, and it  is best to take a combined approach. Crossman (2019) recommends 
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combining both approaches to achieve a more comprehensive understanding. Millar and Davis 

(1996), cited by McLeod (2023), state it's best to start with the nomothetic approach, and once 

a general framework is established, the researcher can move to the idiographic approach. 

The research objectives guide the research on the methodological approach selected see 

Table 3-6. With the overall objective of the study in mind, a mixed-method approach is utilised  

in the research process. The mixed method approach is a research process in which the 

qualitative and quantitative approaches are combined. The mixed method approach can 

improve insights into data that can be missed with a single approach (Creswell and Plano Clark, 

2017). 

 
Table 3-6 Research objectives with the qualitative/quantitative approach (Source: Author’s 

own work) 
 

Objective Qualitative tools Quantitative tools 

Select framework for 
Galway cluster. 

Systematic literature review.  

Measures for the Galway 
cluster. 

Systematic literature review 
to select possible measures. 

Review of 
databases and analysing to 
select appropriate 
quantifiable measures. 
Hypothesis testing (T-Test). 

Describe the challenges and 
opportunities facing the 
cluster. 

Semi-structured interviews. Export data 

Compare innovation in start-
ups and multinationals 

Semi-structured interviews. Database analysis. 
Top 100 firms, 
Patent database. 

Culture present in the cluster Semi-structured interviews. Patent database. 
Recommendations Semi-structured interviews.  

 
The qualitative data is gathered primarily from semi-structured interviews with 

quantitative data from literature sources and databases used to support the qualitative data. For 

example, the rate of growth in firms supports qualitative data from interviews that indicate the 

industry is growing. Figure 3-2 summarises the approach. 
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Qualitative Quantitative 
 
 
 
 

Correlating data 
Searching databases 
Data Analysis 

Interviews, Literature 
Review 
Data Analysis 

Results combined, integrated 

and interpreted 
 
 

Figure 3-2 Mixed method approach(Source: Author’s own work) 
 
 

3.8. Justification for  using mixed method research 

Creswell and Plano (2017) defined mixed method as a methodology for conducting research 

that involves collecting, analyzing, and integrating quantitative (e.g., experiments, surveys) and 

qualitative (e.g., focus groups, interviews) research. Verhoef and Casebeer (1997) state that 

mixed methods enable the research to achieve a degree of comprehension that is not possible by 

using just one method. Mixed methods have been selected as the research objectives as they are 

best achieved with a combination of techniques that could not be achieved by just qualitative 

or quantitative techniques on their own. Key benefits of mixed methods: 

Mixed methods enable the generalisation of data. Qualitative data generally has a small sample 

size; by supporting quantitative data with a large sample size, this limitation is mitigated. 

Larger sample sizes can support qualitative data and enable generalisations to be made 

(Creswell, 2003). Where possible, the researcher has supported findings from qualitative 

sources with quantitative data. For example, in this research, data on innovation is gathered 

from semi-structured interviews and triangulated with quantitative data on actual research 

spend and patents filed. 

Quantitative data can be contextualized by adding insights from qualitative approaches. For 

example, while quantitative data will indicate the number of startups in the Galway cluster, 

qualitative data can answer the question, ‘Why did the entrepreneur start the business?’ The 

mixed-method approach provides a more complete picture by combining insights from 

qualitative and quantitative sources (George, 2023). 

Combining two techniques can enhance the credibility of the research. When finding of 

qualitative and quantitative approaches converge to the same conclusions it  strengthens the 
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research and adds credibility. Mixed method research often delivers superior results to 

monomethod research (Johnson and Onwuegbuzie, 2004). 

 
 

3.9. Theoretical Framework 

A theoretical framework is defined by Sreekumar (2023) as ‘ the structure that supports and 

describes a theory. A theory is a set of interrelated concepts and definitions that present a 

systematic view of phenomena by describing the relationship among the variables for 

explaining these phenomena”. 

The framework is important as the structure it provides acts as a guide and therefore maintains 

research focus. Kivunja (2018) states framework aids in understanding relationships between 

different concepts and theories and how they apply to the research. A framework also aids in 

the selection of research methods, data collection and analysis. 

Chapter Two reviewed nine different cluster models or frameworks. The chapter also compares 

5 actual clusters from around the world. From models identified in the literature review, the 

MIT innovation eco-system was selected as having the best fit for the Galway cluster and the 

aims of this research. The model is suitable for this study as it has a comprehensive list of 

actors, details the capabilities (capacities) required and includes the concept of an ecosystem. 

To capture the interaction between the capabilities of the ecosystem and the actors in the eco-

system, the researcher has placed both in a table. The 5 actors are listed in the vertical column 

and the 5 capabilities in the horizontal. Table 3-7 acts as the theoretical framework for the eco-

system. The researcher utilises the capabilities of human capital, funding, infrastructure, 

demand, culture and incentives to analyse the ecosystem from the perspective of each of the 

actors. Semi structured interviews progress through each capability systematically. Each actor 

in the eco system will be taken through the capabilities to get their insights. Based on this 

analysis conclusions will be drawn on improvements that can be made to the ecosystem. 

Identifying problems and causes of the problems within the ecosystem is critical to policy 

proposals (Borrás and Edquist, 2013). 
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Table 3-7 Theoretical Framework (Conceptual model) based on the MIT entrepreneurial eco-
system model (Source: Author’s own work). 

 

 Innovation and Entrepreneurial Capabilities 

Actors Human 
Capital 

Funding Infrastructure Demand Culture and 
incentives 

Entrepreneur      

Risk capital      

Industry       

Government      

Academic 

Institutions 

     

 
Adapting the MIT entrepreneurial model has enabled the researcher to display linkages 

between actors in the eco system and capabilities that are recognised in literature as being 

significant. Sreekumar (2023) states creating linkages between concepts and actors provides a 

logical structure and is a key step in creating a theoretical framework. 

3.10. Research process 

The following sections detail the semi-structured interviews, the Delphi technique and 

qualitative approach used in the research process. 

3.11. Semi-structured interview 

A semi-structured interview is a data collection method that relies on asking questions within 

a predetermined thematic framework (Charmaz and Belgrave, 2015). Magaldi and Berler (2020) 

argue that semi-structured interviews enable a researcher to ‘go deep for a discovery’. Semi-

structured interviews are widely used in research. The semi-structured interview has the 

advantage that participants are more likely to express their views and give richer feedback than 

would be experienced using structured interviews or surveys (Flick, 2018). 

Senior managers in the medical device industry and key actors with knowledge of the 

medical device ecosystem were chosen for this study. Purposive sampling was utilised as it 

allows the researcher’s judgment to select people, organisations, and regions to review (Etikan, 

2016). Representatives from each of the actors in the ecosystem were selected; this 

stratification was chosen to ensure views were representative of the cluster. To ensure 

participants were knowledgeable on the subject senior representatives were chosen. For the 
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The entrepreneurs chosen were serial CEOs or founders of companies. For industrial actors, 

participants were of director level or more senior with a minimum of 15 years of experience. 

An exception was made to include a recent PhD graduate to get the views of students from the 

university system. 

A key purpose of the research is to develop a strategy for the Galway medical device 

cluster based on the voice of the industry and academic literature. The semi-structured  

interviews enabled the voice of the industry to be heard. To ensure a heterogeneous sample, 

representatives from each MedTech stakeholder group were interviewed, e.g., entrepreneurs, 

academics, government representatives, and members of the leadership team of multinational 

corporations. Qualitative sampling is not concerned with generating a representative sample 

rather, it seeks to select the most well-informed sample on the research problem (Mishra and 

Alok, 2017). 

Based on literature by McKernan and McDermott (2022) and Budden and Murray 

(2019) key stakeholders (Actors) in a medical device ecosystem are the entrepreneur, risk 

capitalists, government, multinationals, and universities. A set of fifteen questions concerning 

the elements of a MedTech cluster/ecosystem was devised. Questions were pre-planned but 

somewhat open and unstructured so they could be adapted for each stakeholder (Altheide and 

Johnson, 1994). Adams, (2015) recommends the questions act as a guide to the conversation 

rather than presented as a questionnaire. Keeping with Adams's recommendation, the order of 

questions was kept flexible. The list of questions is outlined in Table 3-8. 

 
Table 3-8 Interview Questions (Source: Author’s own work) 

 

Themes Questions (non-demographic) Literature sources 

 
Human 

Capital 

1 . Can you describe any linkages and work 
you do with higher education institutions? 
2 . Can more be done to translate basic 
research from universities to commercial 
ideas? 
3 . What is higher education works well and 
positively supports the medical device 
industry? 
4 . What has been your experience with 
higher education institutions' approach 
to Intellectual property? 

Budden and Murray (2019); 
Miller and Acs (2017); 
Breznitz (2013); Tartari et al 
(2021) 
Bergman (2008); Etzkowitz and 
Zhou (2018); Runiewicz-Wardyn 
(2020);Bikard and Marx (2020); 
Guzman and Stern (2015); 
Cooke (2005) ; Fritsch and 
Slavtchev (2007) 

Funding 5 . From your experience, how would you 
describe access to funding start-up 
companies? 
6 . What are your experiences with venture 
capital companies and the terms they seek? 
7 . Describe your experiences with  
government funding and grants. 

Budden and Murray (2019) 
Avnimelech et al (2007); Faria 
and Barbosa (2014); Larkin 
(2023); Lehoux et al (2016) 
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 8. Are there any stages in funding that are 
particularly difficult? 

 

Demand 9 . Are there medical needs that should be 
exploited/explored to grow the medical device 
cluster? 
10 . Are there services or critical supplies that 
we should establish in the ecosystem? 

Budden and Murray (2019) 
Maresova et al. (2015) 

Infrastructure 11 . How would you describe the physical 
infrastructure for medical device companies? 
12 . Are there critical suppliers missing from 
the ecosystem? 

Budden and Murray (2019); 
Aschauer (1989); Clarke and 
Batina (2019) 

Culture and 

Incentives 

12 . How would you describe the culture in 
the medical device ecosystem? 
13 . Can you describe interactions and 
collaborations within the ecosystem? 
14 . Can you describe when you interact and 
communicate with other members of the 
ecosystem? 

Budden and Murray (2019); 
Chandler and Saxenian (1995). 

 
The participant's contacts were obtained through researchers' knowledge within the 

industry and LinkedIn. LinkedIn was used as it is a commonly used networking site for 

professionals (Unkelos-Shpigel et al., 2015). Participants were called or sent personalised 

emails explaining the purpose of the study and the ethical implications, including anonymity 

and the right to withdraw at any stage, requesting their participation, and upon agreement, an 

online interview was organised. The interviews were conducted with one person at a time and 

scheduled for one hour. Adams (2015) recommends an hour for the maximum time for a semi-

structured interview. The interview started with questions about the participants' experiences 

and backgrounds, as recommended by Potter and Hepburn (2005). They then answered the pre-

planned open-ended questions. The interviews and quotes are recorded verbatim, and everyone 

is given a participant number (P number) to maintain anonymity as recommended by Frey and 

Oishi (1995). Sixteen senior people participated, which was considered enough as no new 

themes emerged after the 13th-16th interviews due to the data becoming saturated (Guest et al., 

2006). The participant summary details are outlined in Appendix A. 

The interviews were recorded with the permission of the participants. Microsof t  

Teams was used for most interviews. The Microsoft Teams live transcription feature was 

used to transcribe the interviews automatically. Immediately following the interview, the 

transcription was reviewed, and corrections were made. The transcribed interviews were 

identified and uploaded to Atlas Ti9 software for qualitative analysis using the p numbers 

to maintain the anonymity of the interviewees. The answers were classified under the 

themes of cultural, human capital, demand, infrastructure, and funding. The themes were 
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the basis of the coding frame used in the research. A coding frame is an organized and 

systematic approach to categorizing and interpreting data (Hecker and Kalpokas, 2024). The 

researcher used a coding frame, as Hecker and Kalpokas (2024) argue, it  can provide clarity 

and insight to the research that can facilitate theory building. Five themes were assigned  

deductively based on the capabilities of the MIT entrepreneurial model. The deductively 

defined themes are human capital, risk capital, infrastructure, demand, culture and incentives. 

A clearly defined coding frame also enhances the transparency of research methods. This 

allows other researchers to understand how conclusions are reached, enabling replication and 

improving the rigour of research. Figure 3- 3 visually shows the structure of the coding frame, 

deductive themes are shown horizontally. 

 Demand Human Capital Industry Inf rastructure Risk Capital 

Entrepreneur      

Reputation      

University      

Clinical      

Inf rastructure      

Culture & Incentives      

Risk Capital      

Human Capital      

Industry      

Regulatory      

Demand      

Bio-Innovate      

Government      

Grant      

I-Hub      

Supply Chain      

Intellectual Property      

Figure 3-3 Coding frame Thematic Analysis (Source: Author’s own work incorporating 
themes from Budden and Murray, 2022) 

Open coding was carried out to allow new thematic topics to emerge from the 

interviews. (Charmaz and Belgrave, 2012). The Atlas Ti software automatically generated axial 

links based on the open coding (Cascio et al., 2019), (Charmaz and Belgrave, 2012). To ensure 

consistency of coding the researcher defined each theme. Table 3-9 lists the themes and the 

definitions used. Statistics on themes were downloaded from ATLAS.Ti to Microsoft Excel. 

 
Table 3-9 Definition used for coding themes (Source: Author’s own work). 
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Theme Definition / clarity on theme. 
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Entrepreneur 

A person who has established a start-up company. Also 
included issues or opinions regarding start-up companies. 

 

 
Risk Capital 

Includes all sources of funding for companies. The theme is 
more than just venture capital, includes grants, loans, angel 
investors. 

 
University 

All third-level institutions and associated research 
organisations based in a third level institution. 

 

 
Culture &  Incentives 

Social behaviour that can be observed with-in the Medical 
Device cluster. Incentives include financial for example tax 
strategy or non-financial for example recognition. 

 
Infrastructure 

Physical and organisational systems that are required to enable 
other aspects of the cluster to function. 

 
Reputation 

 
Views on the attitudes, beliefs and expectations of the cluster. 

 

 
Clinical 

A broad definition was used for this theme. Pre-clinical, animal 
trials, associated measures, resources required for clinical 
trials. 

 
Human Capital 

Worker’s experience and skills and the process of developing 
these. 

 
Demand 

Demand for medical devices or components for medical 
devices. 

Bio-Innovate The Bio-Innovate program run out of Galway university. 

 
Intellectual Property 

Formal IP rights, in particular patents and the process of 
establishing patents, design patents and trade secrets. 

Government Includes government bodies such as Enterprise Ireland 
Industry Medical device multinationals and associated suppliers. 

 
Grant 

Grants available from the government, EU local authority or any 
other source. 

 
Regulatory 

Regulations and regulatory bodies for medical devices. Does 
not include regulations from other areas. 

 
I-Hub 

Innovation Hub is an incubation centre in Atlantic University, 
Galway. 

 

 
Supply Chain 

All processes are from sourcing components to delivering to 
customers, including buying, making, moving, sterilising, 
storing, and selling. 

 
3.12. The Delphi Technique 

The research aim is to develop a strategy for the Galway medical device cluster based 

on the voice of the industry and academic literature. The Delphi technique was selected as a 

research tool to ensure the process of capturing the voice of the industry is systematic. It  has 

much to offer in gaining consensus from individuals on a specific topic (Keeney et al., 2001). 

The Delphi technique was put forward and developed by the Rand Corporation in the 1950s 

(Ab Latif  et al., 2016). The Delphi technique is a formal technique or methodology for 
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developing concise consensus development methods. It  is used in research problems where 

there is limited evidence or contradictory evidence (Vernon, 2009). Many researchers have 

utilised the technique as a forecasting tool to examine options for the future in relation to a 

product, topic, idea, or plan (Weaver, 1971). 

In this application, the Delphi technique is comprised of several rounds of the SSI 

designed to solicit expert opinions (Kezar and Maxey, 2016). The rounds would continue until 

consensus was achieved or a maximum of 4 rounds. Consensus was defined as an Interquartile 

Range (IQR) of 1 or less in a 5-point Likert scale (Shang, 2023). Consensus was not defined as 

participants agreeing with the statements. For example, participants could all strongly disagree 

with a statement, and this was judged as the group reached a consensus. A 70% response rate 

was selected as the minimum IQR required for consensus. The number of surveys rounds used 

in a Delphi study can vary depending on the study objective or the quality of the level of 

response received from participants. In a typical Delphi technique, the first round comprises a 

qualitative, open-ended series of questions or surveys to elicit opinions and recommendations 

from experts. In this case the SSIs acted as the first round. A second round then seeks to 

quantify and analyse the responses from the first round to aid consensus, and this is repeated 

until a final consensus is achieved (Hasson et al., 2000; Yousuf, 2007). Providing feedback to 

the participants in each round at the end allows for refining and agreement on their opinions 

(Vernon, 2009). 

 
 

3.13. Composition of the expert panel 

The Delphi process consisted of the systematic process of gathering opinions on 

recommendations for the cluster from a group of experts. The method involves forming a panel 

of experts knowledgeable about a specific topic to predict the outcome of future scenarios, the 

likelihood of an event, or solve an organizational problem. Within focus groups, the Delphi 

technique was utilised as a way of obtaining a collective view from Medtech industry personnel 

and stakeholders about the industry where historically there have been few documented studies 

and where opinion is important (Thangaratinam and Redman, 2005). The participants from the 

SSIs became the expert panel for the Delphi technique. The panel consisted of 16 people from 

the Medtech industry from manufacturing, venture capital, healthcare, academics, 

entrepreneurs, and government bodies. 16 participants were considered adequate for the Delphi 

technique as it  was recommended to be between 8 and 23 (Shang, 2023). Five of the 

original participants were unable to participate in the Delphi research and were replaced with 
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similarly experienced participants. 

 
 

3.14. Conducting the modified e-Delphi Technique 

 
The first step in utilising the Delphi technique is to identify a problem or discussion 

item. The overarching aim of the Delphi technique was to gain consensus on issues the cluster 

faces and what the group aligns on for future strategy. While using the Delphi technique, 

participants see other responses, so they may alter their views based on how others responded 

(Hasson et al., 2000). An advantage of the Delphi can be its aiding in bringing participants 

towards group consensus (Hasson et al., 2000). Having all stakeholder groups represented aids 

in understanding the different facets that go into creating a successful Medtech cluster (Turoff, 

1970). Unlike other group methods, Delphi does not demand participant proximity or face-to-

face meetings of the researcher with participants. Thus, the exercise is conducted remotely 

thereby reducing travel costs and the potential for group dynamics to manifest (Donohoe et al., 

2012). Microsoft Forms were used to transmit the questions to participants. 

The first (Round 1) was the SSI and was used to garner the expertise of the participants 

in relation to the key elements of the potential recommendations for the future success of the 

Galway Medtech cluster. 16 individuals participated. Participants were asked to rate their 

agreement to each statement on a 5-point Likert scale from strongly agree to strongly disagree 

as shown in Figure 3-4. The Likert scale is a rating scale used to measure attitudes, opinions or 

behaviours (Bhandari and Nikolopoulou, 2023). Strongly disagree was given the numeric value 

of one, and strongly agree was given the value of five. The format of the five-level Likert scale 

is as follows: 

 
1. Strongly disagree 

2. Disagree 

3. Neither agree nor disagree 

4. Agree 

5. Strongly agree 
 
 

The responses from Round 2 of the Delphi study were analysed utilising Microsoft 

Excel to calculate the Interquartile Range and median. The third round to refine the initial 

competency recommendations related to the Medtech cluster. While 2 participants withdrew 
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after Round 2, there were still 14 participants in Round 3. Participants were shown their 

previous answer and the median group average for and then asked to reconsider their original 

ratings and opinions, and an opportunity was provided for them to change or amend their 

opinion should they wish to do so. There were 3 rounds (including round 1) of the technique 

utilised before consensus was achieved on all questions. 

 

Figure 3-4 Likert scale questions used in Delphi technique (Source: Author’s own work) 

 

3.15. Quantitative Research 

Quantitative research creates reliable, factual data that can supplement qualitative 

research (Steckler et al., 1992). To enhance the quality and reliability of qualitative research, 

quantitative data is gathered, enabling triangulation of data and findings. Verhoef and  Casebeer 
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(1997) define triangulation as ‘data collection in which data is deliberately sought  

from a wide range of different independent sources.’ They state supplementing qualitative 

analysis with quantitative enhances the validity of the research. For each of the themes in the 

theoretical framework, the researcher selected quantitative measurements to triangulate with 

qualitative data see Table 3-11. 

 
Table 3-11 Quantitative measures used aligned to themes (Source: Author’s own work). 

 
Theme/Capacity Quantitative measures/ source 

Human capital Numbers employed in the medical device industry in Ireland 

Startup rates in Ireland and Galway 

Population by county, Central statistics office. 

Risk capital/funding Data obtained from Irish Venture Capital Association (IVCA) VC 

investments in medical device companies. 

VC rates in Ireland compared to other countries. 

Demand Medical Device Exports, sourced from the United Nations 

Commercial trade database. 

Infrastructure   Data/Information from government databases/publications 

Culture and 

incentives 

European Patent Office database, Number of patents issued. 

Global Innovation index 

Patents filed in Galway searched global databases using Patsnap 

software. 

Equity stakes requested by universities Spinout.fyi 

Research spends, obtained from medical design and outsourcing data. 

 
Quantitative measures to support the human capital theme include a number of people 

employed by medical device companies, the trends in the employment rate over time and the 

start-up rates of medical device companies. The employment and startup rates data were 

compiled by using data from the Irish MedTech Association (IMA), Enterprise Ireland (EI), 

Industrial Development Authority (IDA), the Irish Times’ top 1000 companies, Irish Venture 

Capital and Private Equity Association (IVCA), web searches, and newspaper archives. As a 

result, four hundred and sixty-six Medical Device sites were identified as active in Ireland in 

2022 (Appendix B). 

The data for employment was organised by year of establishment, quantity employed 
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on-site, location, and the main specialization of the site (for example, cardiovascular devices). 

The data was entered into Microsoft Excel for Office 365 MSO (Version 2405 Build 

16.0.17628.20006). Excel was used to complete the analysis and create charts. The data 

analysis enabled insights into the current nature of the Irish medical device cluster and how it  has 

grown over time 

Quantitative data on funding was obtained from reports by the IVCA. The IVCA is the 

representative body for venture capital and private equity funding on the Island of Ireland 

(Larkin, 2024). The IVCA has gathered and published quarterly data on venture capital 

investments in Ireland. The researcher obtained reports from 2015 to 2022. Reports prior to 

2015 were not used as the data categorization in the report changed and prevented the 

researcher from trending the data. Data for the full year of 2023 was not available from the 

IVCA  so could not be included. Data was transcribed by the researcher from the PDF report  

to Microsoft Excel. The IVCA report assigns a sector to each investment. Only the life sciences 

sector was entered into Excel. The excluded sectors were ICT, electronics and others. Life 

sciences included investments in firms that are primarily pharmaceutical. The researcher 

identified investments in pharmaceuticals and removed these investments from the analysis. 

The quantity and value of investments for each year were summarised and plotted. 

To gather quantitative data on the theme of demand, the value of exports was obtained 

from the United Nations Commodity Trade Statistics Database (UN Comtrade, 2023). The 

database contains import and export data, with details of market segment and country (United 

Nations Statistics Division, 2022). Products and services are categorised by the Harmonised  

Commodity Description and Coding System (HS Codes). The HS codes used by the researcher 

and the product category associated with the code are shown in Table 3-12. 

 

Table 3-12 HS Codes used to establish exports of medical devices from Ireland 
(Source: Author’s own work based on UN Comtrade database) 

 

Product 
category 

HS 
Code 

 
Description of code. 

 

 
Ophthalmic 

 
900130 

Lenses, contact; unmounted, of any material, excluding 
elements of glass not optically worked. 

901850 Ophthalmic instruments and appliances 
 
 
 
 
 

 
901839 

Medical, surgical instruments and appliances; catheters, 
cannula and the like 

901890 Medical, surgical or dental instruments and appliances 

 
901831 

Medical, surgical instruments and appliances; syringes with 
and without needles 
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Vascular 

 
901832 

Medical, surgical instruments and appliances; tubular needles 
and needles for sutures 

  
901811 

Medical, surgical instruments and appliances; electro- 
cardiographs 

 
Orthopedics 

902190 Appliances; worn carried or implanted in the body 
902131 Artificial  parts of the body 

Pacemakers 902150 Pacemakers for stimulating heart muscles 
 

 
Airway 

 

 
901920 

Therapeutic respiration apparatus; ozone, oxygen, aerosol 
therapy apparatus; artificial respiration or other therapeutic 
respiration apparatus 

Electro 
Diagnostic 

 
901819 

 
Electro diagnostic apparatus 
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The literature review identified innovation as a significant theme. The number of 

patents was selected as a quantitative measure of innovation. Patenting rates are a well-grounded 

and established proxy for measuring innovation (Burhan et al., 2017, Hagedoorn and Cloodt, 

2003, Schmookler, 1966). Hagedoorn and Cloodt (2003), in a study of 1200 companies, found 

a significant overlap between R&D inputs, patent rates, patent citations and new product 

launches. The European Patent Office was used for trending patents from Ireland. The 

European Patent Register is the most complete and up-to-date source of publicly available 

procedural information on European patent applications (Epo and Euipo, 2021). The EPO 

database was searched for patent applications by ‘field of technology’. Medical technology is 

the field selected; all other fields were excluded, for example, pharmaceuticals, biotechnology 

and organic fine chemistry were excluded from analysis. The definitions of fields are available 

from the World Intellectual Property Organisation (2024). Geographic origin is based on the 

country of residence of the first applicant listed in the patent application. The researcher ran 

separate reports for each year. The data was entered into Microsoft Excel. The count for Ireland 

was established. A separate count of patent applications for the EU 27 plus the UK, without 

Ireland, was also completed. The UK was included for consistency, so the data set is the same 

for each year of comparison. 

The medical design and outsourcing database of the Top 100 medical device companies 

was accessed to characterise multinationals, particularly the R&D input of spending on 

research. Data was downloaded from Medical Device Outsourcing (2021) and analysed for the 

year 2021; this was the most recent data available at the time of the research. The company 

name, revenues, employees, headquarters location, R&D spend, and year found were obtained 

through the website. When a company’s fiscal year is not a standard calendar year, the revenues 

used are the most recent fiscal year results. The researcher cross-checked the data with 

published data from the Securities and Exchange Commission and found the financial data to be 

accurate. The industry is highly consolidated with 54% of sales by value sold by the top 15 

companies (Daigle and Torsekar, 2019). The researcher judged data of the top 100 companies 

was sufficient to draw conclusions on medical device multinationals. Other websites (e.g. 

Spinout.fyi data) were used to understand the typical royalty that universities sought from 

startups that they supported and incubated. 

 

3.16. Conceptual Framework 
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Ravitch and Riggan (2016) describe a conceptual framework as a guide for research, it 

situates the research questions in the broader context of existing knowledge. The framework is 

used to outline the approach used and provides a roadmap for the research. A review of the 

relevant theory of clustering effect and data of the medical device industry globally and in 

Ireland enables the construction of a conceptual framework. Figure 3-5 shows a visual 

summary of the conceptual framework. 

 

Figure 3-5 Conceptual framework (Source: Author’s own work based on Ravitch and Riggan, 
2016). 
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3.17. Limitations  of mixed method design 

Lack of purpose is a common criticism of mixed-method research (Greene et al., 1989). 

To reduce the possible impact, the research objectives will guide why research tools are 

selected and used in this research. This will give a purpose to the research work completed. 

There can be inappropriate coding of qualitative data resulting in incorrect themes or 

findings from the research (George, 2023, Greene et al., 1989, Vitale, 2023). To reduce the 

possible impact of inappropriate coding, a coding frame based on the theoretical framework of 

the Galway medical device cluster was used. 

Mixed-method research can be more time-consuming and require more resources. This 

is due to the requirement to have multiple data sources (Creswell and Plano, 2017; Greene et 

al., 1989; Johnson and Onwuegbuzie, 2004). The extra effort required could result in the 

research not being completed. The researcher focused on the research objectives to reduce the 

risk of wasted research and maximise efficiency. 

3.18. Limitations  of semi structured interviews and justification.  

A limitation of the study could be that there were only 16 experts interviewed. Glaser 

& Strauss (2017) state that optimizing the number of interviews is achieved by reaching the 

saturation point in responses. Saturation is the most common guiding principle for assessing if 

the sample size is large enough and is considered the ‘cornerstone of rigor’ in determining 

sample sizes (Hennink and Kaiser, 2022). In a study to assess at what point saturation is reach 

(Hennink and Kaiser, 2022) saturation was achieved on average between 12 and 13 interviews 

with a spread of between 5 and 24 interviews. As the responses from interviewees became 

saturated, the number of participants was not an issue for this study. 

The interviewees were representatives of the wider MedTech stakeholder and support 

environment. Qualitative research, by nature, can be biased, and the interpretation of qualitative 

data is made subjective (Chenail, 2011). Bias was minimised by detailed record keeping, 

ensuring coding and memoing were consistent and transparent; reviewing interviewee accounts 

was critical to understanding similarities and differences of perspectives (Sandelowski, 1993); 

(Noble and Smith, 2015). Lastly, capturing detailed verbatim descriptions of interviewee 

accounts supports findings (Slevin and Sines, 2000). 

Semi structured interviews can have a low validity due to their flexibility  (Tegan, 2023). 

This makes comparing responses between participants difficult. To reduce the variability a 
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coding frame was used, this acted as a guide and provided a basic consistency between 

participants. 

Research bias can be introduced through researcher bias were leading questions guide 

the interviewee and introducing observer bias. The participants may wish to give the 

interviewer answers they feel the interviewer wants to hear, leading to a social desirability bias 

(Tegan, 2023). To reduce the opportunity for the introduction of bias, the interview questions 

were reviewed to ensure they were open questions. During the interview, if the participant gave 

their opinion on a subject without being asked a question, the interviewer allowed the 

conversation to flow and avoided any issue with question structure. 

Semi-structured interviews can be time-consuming and labour-intensive (Adams, 2015). 

Conducting interviews, analyzing transcripts, and encoding them is an arduous task. The 

researcher prepared in advance for the interviews. Using a framework to conduct the interviews 

reduced the overall effort required and made the method of semi-structured interviews feasible. 

 
 

3.19. Limitations  of a systematic literature  review 

Fink (2019) defined ‘A literature review is a systematic, explicit, and reproducible 

method for identifying, evaluating, and synthesizing the existing body of complete and recorded 

work produced by researchers, scholars, and practitioners’. While the systematic literature 

review was selected to enable a systematic and reproducible review, it does have limitations. 

Possible weaknesses of literature reviews, as defined by Grant and Booth (2009), are discussed 

in the following paragraphs, along with the actions taken by the researcher to minimise the 

impact. 

The research keywords focus the review on Ireland and the medical device cluster in 

Galway. The narrowing of the focus of the research could lead to missing key themes from 

academic publications. Multiple databases were used to reduce the chances of missing key 

publications. Using wildcards, synonyms and variations of keywords reduced the risk of 

missing important sources. To reduce the possibility of missing important publications, follow-

up literature research was completed, particularly on the theme of clustering. The historical 

development of clusters was reviewed, and pivotal publications were identified. 

If the papers selected are of low quality, then the themes, findings, and recommendations 

could be incorrect or misleading. To reduce the risk of poor-quality papers being included, the 

researcher selected papers from peer-reviewed journals. It was also required that the sources 

be cited in at least one other paper. 
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Conscious or unconscious bias by the researcher could result in articles supporting their 

views being selected while articles which disagreed with their views are deselected. This would 

negatively impact the research resulting in confirmation bias. To reduce the likelihood of 

selecting articles based on personal preferences, the inclusions and exclusions criteria, the 

search strategy, databases to be used, keywords and the time frame of the search were selected 

in advance. The sources were organized into main themes based on keywords; systematically 

grouping papers reduced the opportunity for bias affecting the literature review. 

Delays in publications could result in the research missing recent but important new 

findings. Drucker et al. (2016) described reviews missing available data on a topic as suffering 

‘evidence selection bias’. A final review of the literature was repeated in June 2024. The 

researchers’ own publications were the most recent literature. This demonstrates that evidence 

selection bias has been minimised. 

 
 

3.20. Concluding Remarks on the Research Methodology 

The systematic literature review provided a foundation of current academic thought on 

clusters and the Medtech sector. I t enabled the creation of a theoretical framework around 

which the questions for the interviews were based. Facts and figures from databases enabled 

numerical values to be placed as characteristics of the industry. A significant part of this 

investigation involved interviews with key stakeholders in the industry. This process enabled the 

gaining of valuable insights that directed the research and conclusions. The quantitative data 

analysis helped to verify responses in the qualitative interviews. 
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4. Results and discussion of findings 

The research aim is to develop a strategy for the medical device cluster based on the 

voice of the industry and academic literature. Semi-structured interviews were completed to 

establish the current characteristics of the cluster. Knowing the current characteristics of the 

cluster enables the comparison of the Galway medical device cluster with existing clusters in 

the literature. The chapter proposes a framework for the cluster. The chapter shows how 

innovation is significantly different between established multinationals and start-up companies. 

Wider government policy for creating and sustaining clusters is misaligned with academic 

theory and the case study of the Galway medical device cluster. Figure 4-1 shows the structure 

of the results chapter. 

Figure 4-1 Structure of Chapter 4 results and discussion (Source: Author’s own work) 
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4.1. Summary of semi-structured interviews 

Common themes from the semi-structured interviews were coded. Figure 4.2 shows the 

17 codes and their occurrence. The largest 5 codes made up 54% of the code occurrences. 

Entrepreneur is the theme that occurred most often in the interviews. The occurrence of the 

theme entrepreneur was twice that of human capital. Risk capital is closely associated with 

entrepreneurs and is the second most common theme. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-2 Themes from semi-structured interviews ( Source: Author's own work). 

Axial coding was used to link innovation and entrepreneurial capabilities with the 17 

themes identified. The quantity of statements linking specific themes is shown in Table 4-1. For 

example, the word "entrepreneur" was referenced 32 times within the context of risk capital. 

Colour coding is used to indicate the occurrence. A high occurrence is coloured red or orange, 

and a low occurrence is coloured green. Table 4-1 shows the axial coding based on the 

theoretical framework. 

 
Table 4-1Axial coding of themes (Source: Author’s own work). 

 

 Innovation and Entrepreneurial Capabilities 
 

Demand 
Human 
Capital 

Culture & 
Incentives Inf rastructure 

Risk 
Capital 

Entrepreneur 5 8 12 11 32 

Academic 
Institution 2 7 10 12 3 

Clinical 3 5 1 13 3 

Risk Capital 4 2 7 7  
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Industry 3 3 1 2 4 

Government 1 0 4 1 6 

Reputation 0 3 6 9 14 

Inf rastructure 2 8 3  7 

Bio-Innovate 1 5 11 2 0 

Human 
Capital 1 

 
7 8 2 

Culture & 
Incentives 

0 7 
 

3 7 

Grant 0 0 5 0 7 

Regulatory 2 3 1 4 2 

Demand  1 0 2 4 

I-Hub 0 0 1 5 0 

Intellectual 
Property 

0 0 3 0 0 

Supply 
Chain 0 0 0 1 0 

Totals 24 52 72 80 91 

 
 
 

Demand 

Demand is the lowest emerging capability, discussed 24 times in the interviews and 

representing just 7% of the capabilities. The low occurrence of demand, as discussed in the 

interviews, is aligned with findings that medical device companies in Ireland must go global 

(McKernan and McDermott, 2024a). 

Table 4-2 shows some of the comments relating to demand. The USA is the market that 

medical device companies will enter first. The USA is the largest global market (Maresova et 

al., 2015), the price achieved is higher than the European market, and the time to enter the 

market is shorter (Daigle and Torsekar, 2019). Despite the EU having a common regulatory 

framework for medical devices, interviews stated each country in the EU was a completely 

different market and had to be approached individually. Pricing can be significantly different 

in each European country. Even after receiving regulatory approval, “you must then justify the 

use of the product in each EU country individually”. 

Exporting from the beginning means a start-up must have “all the costs of a global 

business” from day one. Adding to this complexity, interviewees highlighted the need to create 

novel devices. The interviewees repeated a mantra that the device must address “an unmet 

clinical need”. A problem with addressing an unmet clinical need is the reimbursement rate 

for the device may not be established. It  is time-consuming and expensive to establish a new 
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reimbursement code. One startup spent over US$30k on consultancy to help with the 

reimbursement rate. The lack of a clear reimbursement rate makes creating a business plan 

difficult. Without a business plan, funding the project is difficult. Companies, in particular 

startups, can get stuck in a catch-22: Without the device developed, they cannot get a 

reimbursement code, and without the reimbursement code, the project cannot get funding to 

develop the device. 

 
Table 4-2, Comments from semi-structured interviews related to the theme of Demand  

(Source Author’s own work) 
Participant Comment 

P3 “Market targets are USA, Germany, UK and Japan. There is no Irish market.” 

P8 “Start-ups must address an unmet clinical need. There cannot be a competitor 

established in the target market. You cannot beat Medtronic.” 

P5 “Investigating a kind of a first of its type for the American market. Blue Sky area 

means reimbursement rate could be a big problem.” 

P5 “We paid a reimbursement specialist US$30-40 K to make sure there was 

reimbursement coding in place for the heart failure need we are looking at.”  

P9 “The major product development centres which for Med tech, a lot of it's in the 

US.” 

P10 “In  Ireland is so small we need to start globally from day one. This means all 

the costs of a global business at the start, and it costs money.” 

P10 “EU  is not a single market. The CE mark is just the start. EU is difficult. You 

need to start with the USA.” 

 
Within the theme of demand, participants also discussed areas for possible 

future growth. One participant stated, “ It’s obvious anything that reduces hospital stay or cost 

to the health system” will have a high demand. A second participant said, “There is a move to 

kind of treat people in the home for infusions, et cetera”. To achieve cost savings and enable 

home treatment, there is a significant demand “for patient-facing digital solutions”. 

Human Capital 

Human capital had several sub-themes, including staff availability, entrepreneurship, 

infrastructure, and culture. The interviews indicated that third-level institutions have been 
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critical in ensuring the supply of engineers to maintain the industry. Multinationals further 

created a “deep talent pool” with specific skills for the industry. Multinationals have provided 

“not just know-how but also know who”. Third-level institutions and industry have created a 

virtuous circle. The industry created a demand for skilled labour, universities adapted specific 

courses to meet the demand, and the increased availability of labour enabled further growth of 

the industry creating more demand. Table 4-3 details comments on the theme of human capital 

and its availability. 

Despite the virtuous circle, firms in the Galway cluster find it difficult to hire 

experienced staff. Firms in the cluster compete for talent, and while this has increased labour 

costs, they are still estimated to be 50% of the USA for engineering roles. Smaller start-up 

firms require the use of consultants as not all roles can be filled by full-time staff. These costs 

can be significant, with €2k per day for regulatory consultancy. 

The skills people bring are just one consideration. The contacts of employees and how 

well networked they are also important. For startup companies, this is particularly important. 

Having the right contacts and reputation makes funding easier; “VCs invest in people.” Contacts 

are also critical for clinical access. 

 
Table 4-3 Comments from semi-structured interviews on the theme of Human capital and its 

availability (Source: Author's own work). 
 

Participant Comment 

P8 “We are well supplied with the raw material of people.” 

P8 “The people have developed in Medtronic and Boston Scientific for nearly 40 

years and created a deep talent pool.” 

P7 “Universities are doing the right things; it is just that the capacity is not 

keeping up with growth in the industry.” 

P8 “The manufacturing engineering apprenticeship that we developed is flying 

like it's produced nearly 300 people at this stage.” 

P14 “We have become a victim of success; the traffic is slow. Getting the right 

people is difficult.”  

P11 “Cost of R&D engineering in Ireland being approximately half that of the 

United States, and accessing talent is easier in Ireland.” 

P11 “Firms in the cluster compete in global markets. Local rivalry in the cluster 

is mostly a competitive race to hire staff.” 
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P2 “It  is expensive to get consultants to advise and help start-ups. They have been 

charged €2k a day to provide advice.” 

P5 “Experts in their different disciplines been on tap or being available to groups 

would be of huge value.” 

P5 “Access to regulatory people, for example, is it's tricky because they're highly 

sought after an industry and they're well paid and there's only some much 

goodwill or freebies you can get from people.” 

P14 “VCs invest in people.” 

P5 “The clinical exposure piece is very, very important.” 

P13 “For  startups, it’s important to have really good connections to complete 

clinical trials.”  

 
Interviewees debated whether entrepreneurship could be taught. Participants who 

started their firms early in their careers felt it could not be taught. They believed 

entrepreneurship was “something you had inside you.” Other interviewees felt the process 

could be taught. Aulet (2024) argues that entrepreneurship is “a craft that can be learnt.” 

Table 4-4 summarises human capital and entrepreneurship. 

 
Table 4-4 Interviewees' comments related to Human Capital, Entrepreneurship 

 (Source: Author’s own work) 
 

Participant Comment 

P8 “I  just don't think you can teach entrepreneurship.” 

P8 “Bio -Innovate forced people into groups where ordinarily in entrepreneurial 

are usually insular.” 

P6 “Sabbaticals should be encouraged to do entrepreneurial work.” 

P1 “Entrepreneurship can be turned into a process, like a recipe that makes the 
process more predictable and reduces risk.” 

P1 “Entrepreneurship should be taught within all departments of the 
university.” 

 
Staff with skills completing clinical trials and animal trials was seen as a deficit in the 

cluster. The interviewees felt not only was the human capital missing but the infrastructure to 

complete the trials was also missing. Firms completed trials abroad despite agreeing it  was 
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important to be “close to the clinical center”. Table 4-5 summarises comments on human 

capital related to infrastructure. 

 
Table 4-5 Interviewees comments, Human capital, infrastructure (Source: Author’s own work) 

 

Participant Comment 

P13 “Trained staff on the required regulation ICH /GCP and ISO 14155 CFR 

practice.” 

P13 “It’s  important to be close to the centre. It needs good connections between 

the sponsor and the principal investigator.” 

P12 “For  an animal trial, a vet is required, a qualified anesthetist and a physician 

are required to do implants.” 

 
 

Third -Level Institutions 

Universities are credited with helping to attract and keep multinationals by upgrading 

the skills of the labour force. By increasing the skills base (human capital) a cluster can “stop 

the flying geese” from migrating to the next low-wage, low-tax location (Cassidy et al., 2009). 

To assess how the availability of skilled labour and the MedTech industries’ interactions with 

higher education institutions have aided the cluster's success, participants were asked about 

linkages with higher education institutions. These questions included how basic research was 

translated from universities to commercial ideas. They were also asked as to what in higher 

education works well and positively supports the medical device industry and their experiences 

with how higher education institutions approach Intellectual property (IP). A sample of 

responses concerning these questions is highlighted in Table 4-6. 

 
Table 4-6 Interviewee Comments about Human Capital Questions. (Source: Author’s own 

work) 
 

“Universities are a huge untapped asset. More entrepreneurial training is 

required. We need to encourage innovation. Universities can create new businesses 

where there is no seed to begin” (P6). 

“Our Irish medical device company was started by a professor who wanted 

jobs for graduates in the late 80s” (P9). 
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“Trying to start commercial ventures is difficult with small rewards. Culturally 

there is little prestige or glory in an academic trying to start a commercial activity. 

We need to improve the permeability of academia” (P6). 

“One concern with higher-level institutions is their attempts to claim 

Intellectual Property (IP) for small research projects where some materials need to 

be tested or checked. Universities should not be claiming for IP. The structure and 

agreement should be simple and agreed upon nationally. Some universities make it 

difficult to do Research and Development (R&D) because the terms are too onerous.” 

(P10). 

“ If successful Universities expect to recoup the IP perhaps at 1.2 to 1.5 times 

the cost of research.”  (P15) 

 
Entrepreneurs spoke very positively about the impact of the Bio-Innovate program. One 

in eight of all MedTech companies in Ireland now come from the BioInnovate (Ireland) 

programme (O’Halloran, 2023). Entrepreneurs have concerns about universities owning IP, 

which is supported by academic literature. For example, it  has been shown that a 10% decrease 

in the universities’ equity stake in a company leads to an estimated 3% increase in the 

probability of raising venture capital and an 8% increase in the number of spin-outs (Hellmann 

et al., 2023). 

The Technology Transfer Office (TTO) in the university “acts like a middleman to 

enable research ideas to be put to commercial use. The TTOs do not make money, and Galway 

is not set up to make money; it provides a service between research and scaling a company, the 

TTO acts like a middleman to enable research ideas to be put to commercial use” (P2). 

Commercial returns from university research are poor, even in world-class universities. For 

example, John Hopkins University spent US$ 1.5 billion on research in 2012 and produced 

US$16 million in licensing fees, which is approximately a 1% return. When expenses were 

considered, Stanford University had less than a 1% return on US$1.7 billion in research 

(Marcus, 2020). 

Bruzzi and Linehan (2013a) state that universities play a critical role in the medical 

device industry through education, training, and research. As an example of training to meet 

local industry needs the University of Galway introduced an undergraduate degree program in 

Biomedical Engineering in 1998. Having suitable graduates is important, multinationals state 

available labour is the number one criterion in site selection (Kimelberg and Nicoll, 2012). 
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McCormack et al. (2015) state that knowledge institutions are the main partners for startups to 

engage in open innovation. Other medical device clusters have identified universities as critical 

to enabling small companies to develop competitive medical devices (Andersson et al., 2013). 

Significant literature has been published on the BioInnovate program. It  is modelled on 

the Stanford BioDesign program and is located at the University of Galway. The 

multidisciplinary, structured program was started in 2011 (Sharif and Quinn, 2021). Local 

entrepreneur Ian Quinn had the idea to start a BioInnovate program in the University, and 

funding was provided by the government body Enterprise Ireland (Roddy, 2022). 

Bruzzi and Linehan (2013a) highlight that the BioInnovate program can produce 

entrepreneurs who establish early-stage companies. When the paper was written, the Bio 

Innovate program had only completed its second year. At that stage, two startups had received 

funding from Enterprise Ireland (EI). The authors state that the program aligns with the interests 

of the university, hospitals, industry, and state agencies. They acknowledge that it is essential 

that the structures and rewards create a culture where a faculty with motivation and skills in 

spinning out technology to startups. Dedicated mentorship is provided by entrepreneurs who 

have established medical device companies and is seen as one of the most important aspects of 

the program (Brinton et al., 2013). After an initial boot camp, the participants participate in a 

clinical emersion when they identify unmet clinical needs. Early clinical involvement is 

“crucial and irreplaceable” (Chaturvedi and Srinivas, 2021). 

In an interview with a recent participant, they indicated funding was available for 

suitable projects through EI’s commercialisation fund. If the team had a proposal that 

Enterprise Ireland accepted, they could receive a grant of up to €600,000. The funding is typical 

to enable the idea to be developed to the point where venture capital could be invested. The 

availability of risk capital has improved in the cluster, and EI is now Europe's largest seed 

investor (Enterprise Ireland, 2022). 

The teams can progress their ideas in a clinical environment at the Lambe Institute for 

Translational Research. The Lambe Institute is based in the University Hospital in Galway and 

styles itself as the point where the “bench meets the bedside” (Lambe Institute for Translational 

Research, 2022). 

Sharif and Quinn (2021) state that 107 fellows have completed the Bio Innovate 

program. Bio Innovate targets mature, experienced professionals to participate and credit the 

program for creating a Med Tech startup culture. The objective is to shape the medical device 

industry by providing an environment to encourage structured innovation. 22 new medical 

device startups have been created through the program (BioInnovate Ireland, 2022). Using this 
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information we can conclude that Bio-innovate has spawned 24% of all medical device startups 

on the island of Ireland and 40% of the startups in the Galway cluster. 

An example of a successful spin-out from BioInnovate is Ambo Medical which was 

sold to CR Bard for a reported US$44.1M (PitchBook, 2015). Vetex, who developed a 

Thrombectomy catheter, sold for US$39.9M to Surmodics (Device, 2021). Universities have 

also provided physical space for start-ups. Figure 4-14 shows a cluster of startups based at 

Atlantic Technical University incubator I Hubs. I Hubs provide space, mentoring, and access 

to investors. They also have labs and physical resources to support Med Tech companies. 

Bruzzi and Linehan (2013a) highlight the positive contribution of universities; 

however, there are difficulties in the relationship between startups and universities. Ronan and 

Cormican (2013) studied innovation management in 10 medical device SMEs. All the 

companies in the study had contacted universities but found progress slow. Translating an 

academic idea into a product is difficult; less than 5% of academic discoveries get implemented  

(Gehr and Garner, 2016). 

Scannell and Cormican (2019) show that spin-out companies for Irish universities lack 

regulatory knowledge. Mistakes like preclinical testing not aligned with required standards can 

delay commercialisation. Breznitz (2013) states that universities are not enough on their own, 

and SMEs need sources of funding, manufacturing know-how, and social networks to make the 

cluster sustainable. 

The SME’s concern about owning Intellectual Property (IP) limits their ability to 

collaborate. One company summarised the feeling that “it  is unworkable that a college should 

share IP in a venture that investors fund" (Ronan and Cormican, 2013). Barrett et al. (2021) 

research confirms that SMEs want exclusive rights to the IP they license. 

Typical funding steps for a startup are seed funding, convertible debt, series A, B, C, D, 

and exit. It  is typical in series A funding that founders and employees own between 10 and 20% 

of the company shares (Denend, 2017). A performance-based equity stake for staff is 

recommended for startups (Griffiths, 2012). Venture capital typically expects the startup to 

have proof of concept and IP protection for their idea before an investment (Larkin, 2022). 

Universities seeking equity at early stages in SME development dilutes the value of shares and 

makes future funding rounds difficult. 

Universities have had a significant positive impact on the medical device cluster. It  has 

led directly to an increased level of startups. Concerningly funding for universities has been 

reduced significantly, and real expenditure per student at third-level education decreased 

from €11,160 per student in 2008 to €7,252 in 2018, a drop of 35.0% (Dalton, 2020). 
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Culture and incentives 

On the culture and incentives capability, the themes of entrepreneurs, academic 

institutions and the Bio-innovate program emerged as the main themes that are connected. A 

key factor in the culture that has enabled the success of the cluster is collaboration and 

transparency. Interviewees gave examples of working with direct competitors to solve 

problems. One participant stated, “it would be unheard of in the USA”. A common linage of 

many startup founders having been employed in a local multinational enhances the nature of 

the tight collaborative network. 

Several cited, “We can call a direct competitor, and they will help” [P1]. Another 

emphasised how this culture worked in practice “If I went to a university in Stanford, the 

University would have a lawyer at the meeting. In Galway, we get direct access” [P10]. 

Firms in the cluster have the advantage of direct observation of competitors and can 

exploit common knowledge (Marshall, 1890). Relationships of trust explain why sustained 

collaboration is created in a cluster and long-term benefits accumulate (Harrison, 2007). 

Interviewees considered the tax treatment of shares and share options unfair. One 

interviewee stated, "When a start-up is purchased, the system rules can mean over 90% tax is 

applied for the cash received” [P14]. Tax reform is supported by industry at large; in a recent 

survey by Bromell (2023), 79% of companies would like changes to capital gains tax. 

Incentives in Universities were also felt to discourage innovation. Universities seeking 

equity stakes in start-ups present a significant issue to the start-up as “we just cannot give away 

equity in the company at this stage" [P5]. Reducing the equity stakes requested by third-level 

institutions for companies to exploit has been shown to increase the number of start-ups created 

(Hvide et al., 2016). The equity stakes requested in Ireland are reasonable in comparison to 

other countries. Figure 4-3 shows the equity stakes requested by third-level institutions in 

different regions. Equity requests from third-level institutions have significantly improved  

[P2]. The institutions will request ownership of the IP, but in the event it is of commercial 

potential, the company can buy the IP rights at the cost of research plus 10%. Doing the research 

“ is a no-brainer; you just pay if it’s of use. The company cannot lose” [P12]. 
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Figure 4-3 Percentage equity requested by universities to exploit IP (Source: Author’s own 

work based on data from Benaich, 2022) 
 

Table 4-7 summarises interview comments on the culture in the Galway medical device 
cluster. 

Table 4-7 Interviewee comments, Culture and incentives (Source: Author’s own work). 
 

Participant Comment 

P9 “You know you're only one phone call away from advice if I need it. There is 

only one degree of separation in Galway.” 

P9 “The Irish Med tech scene is very open and collaborative.” 

P3 “It’s  definitely an advantage being based in Galway, I mean, there's just the 

ecosystem that's starting in the subcultures.” 

P10 “In  Ireland, we have almost open access to universities. If you want to talk to 

Stanford you end up with a lawyer in the room.” 

P8 “I  can call our biggest competitor and ask them questions and they have no 

problem at all giving me an answer.” 

P3 “They all speak with each other [Medical device companies]. They all kind of 

bounce ideas off each other.” 

P3 “it's  very, very transparent.” 

P14 “Galway is a small place with lots going on. Everyone has worked with 

everyone at some stage.” 
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P3 “There's a lot of transparency amongst the startup cohorts in terms of what's 

going on with other startups.” 

P13 “For startups, it’s important to have really good connections.” 

 
Although there is a collaborative culture in universities and the universities display 

behaviours that encourage openness, bureaucracy was seen as a significant issue. Start-up 

companies based in the university stated, “Things happen very slowly in the college”. Systems 

used for purchasing were particularly time-consuming and difficult. Collaboration between 

academic institutions was noted as being poor. One interviewee stated you never see the 

institutions “in the same room at the same time”. Table 4-8 summarises culture and incentives. 

 
Table 4-8 Culture and incentives, third level institutions (Source: Author’s own work) 

 

Participant Comment 

P8 “The University of Galway and ATU do not interact well together. For 

example, there is little connection between Bio-Innovate and the innovation 

hub.” 

P8 “I'm  not sure how well they collaborate between departments in the 

university, never mind between universities.” 

P10 “Some universities make it very difficult to do R&D with because terms are 

too onerous.” 

P5 “You're a small company tied up in the admin of a multinational.” 

P2 “The university equity is dilutive, so therefore, the university, if you go on to 

seed Series A series B, you know they could be down as low as one or 2% 

equity share.” 

P5 “Things can happen very slowly in the college; the culture is just not like 

industry.” 

P5 “Working on a COM fund you have, you can only purchase, through approved 

suppliers so spending the funding can be slow.” 

P8 “The University of Galway and ATU do not interact well together for example 

there is little connection between Bio-Innovate and the innovation hub.” 

 
 

Infrastructure  

Key themes that emerged under infrastructure capability include entrepreneurial 
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activities, academic infrastructure, clinical access and reputation. Start-up firms in the cluster 

lack access to laboratory space, in particular, “wet lab space”. A wet lab is capable of processing 

biological matter, such as blood and liquid substances. Wet labs need specialist drains, 

ventilation, fume hoods and use materials resistant to chemicals and bacteria. Wet labs are more 

expensive to build and maintain (University Lab Partners, 2021). The interviews revealed that 

there is more than office space required for medical device companies. 

The need for the wet lab space was expressed by entrepreneurs and startup companies. 

Start-ups require lab space to enable rapid prototyping and development. One entrepreneur 

summarised it  as “you need to get your hands dirty”  [P6]. Once the prototyping is done devices 

need to be tested in an “appropriate model”. Animal labs and cadaver labs enable testing of 

medical devices before a first-in-human trial. The interviewees highlight that Ireland and the 

Galway cluster were missing infrastructure for, animal trials, cadaver studies and clinical trials 

in humans. This delays the time to develop products and requires “flying all over the world” 

P3. The inability to complete trials in Ireland “damages the reputation of the site to deliver 

R&D projects” [P11]. 

Participants in the qualitative research have highlighted specific industry-related 

weaknesses. One participant [P13] stated, "Clinical access in Ireland is poor, and it is almost 

impossible to complete a clinical trial”.  Another highlighted that they “started a trial in Ireland 

and USA at the same time. There were 100 patients enrolled in the USA, and the trial in Ireland 

had still not got approval from the ethics committee to start in Ireland ”  [P7]. Participants also 

cited poor access to animal labs or cadaver studies in Ireland. Local infrastructure issues 

highlighted involved traffic, parking, and housing. One interviewee stated, “We have become 

a victim of success” [P14] and “People have been stuck for 1 hour to get out of the car park” 

[P11]. Table 4-9 summarises the participant's comments on infrastructure. 

 
Table 4-9 Infrastructure. (Source: Author’s own work) 

 

Participant Comment 

P10 “Ireland is well served. Universities have good incubators, and they have 

good labs for companies to spin out of.”  

P2 “The majority of spinouts are actually on campus, but we just don't have room 

for them anymore.” 

P5 “A  wet lab, mentors and a pool of experts that could give some feedback and 

advice would really help start-ups.” 
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P13 “The center needs the infrastructure, and dedicated office space.” 

P2 “There's a massive shortage of labs.” 

P2 “It's  not just the tinkering in a dry lab anymore, it's got to be backed up with 

some, you know, wet lab testing.” 

P2 “There is no Irish accelerator good enough for Medtech, our life sciences, but 

there will be because there's lots of us applying for grants to do it.”  

P3 “I  think the big one is missing is the animal trials lab.”  

P3 “Your first human options like in most of them must fly all over the world to do 

the first trial.”  

P3 “The ability to have to do animal trials in Ireland seems to be non-existent. 

Animal trials are certainly a gap here in Ireland.” 

P3 “Infrastructure that missing includes wet labs and maybe it's a small sterilizer 

that you can get for 1st 50 unit sterilized in and some lab testing done or rapid 

prototyping” 

P6 “Clinical  we go international for clinical. In Ireland, they are too stretched for 

time. Clinical access is critical.”  

P13 “World-class clinical trials need an experienced team dedicated to the 

therapeutic area.” 

P6 “You need to get your hands dirty for innovation, so labs are needed.” 

P14 The office space in GMIT I-Hubs helps companies get started. 

P8 “(I -Hub) area, they do a good job of providing space.” 

P14 “The GMIT centers are good for companies that do not have much experience 

but has an idea.” 
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The difficulties in accessing wet labs, animal trials and clinical trials “really damages 

our reputation to develop products” [P13]. You need to “be close to the trial center”. The 

physical infrastructure of the Galway cluster is reaching its capacity. “Capacity is an issue. It 

is madness that a new ring road was not built [P16].” “We have had people get in a fight rushing 

to get out of the car park.” Facebook pages have been set up dedicated to problems with traffic 

in the Parkmore industrial estate (Parkmore Traffic Jams, 2024). 

Interviews stated a significant supply base had developed to serve the cluster. One 

interviewee stated, “I think we're well served with a lot of the different touch points for the 

supply chain from raw materials” [P16]. There have been significant shortages of specific 

materials used in the manufacturer of plastics. Polytetrafluroethylene (PTFE) has significant 

shortages, “we have been waiting 18 months for new stock of PTFE”. “PTFE is a fundamental 

building block of almost all catheters”  [P8]. “We have had to wait 18 months to get prototype 

catheters made” [P8]. 

Risk Capital 

On the risk capital capability entrepreneur and reputation are the two key themes that 

have emerged. To assess the methods of obtaining funding and the nature of funding used in 

the medical device industry, questions were asked about the interviewee's experience in 

accessing funding from venture capitalists, government funding and grants and if  some funding 

stages are more difficult than others. 

Venture capitalists are another source of funding for MedTech companies; however, 

they, too, have their challenges to deal with. "Aside from EI, other investors in Ireland will not 

invest until a mini-clinical trial is done, so startups need to use an accelerator or reach out to 

USA venture funds. Irish VCs are saturated with investments in medical devices, and the Irish 

investment community devalues all our start-ups” [P5]. This can significantly impact start-ups 

as VCs have been shown to improve innovation, growth, and sales of start-ups (Bertoni et al., 

2011; Faria and Barbosa, 2014). The key benefits apart from the funding of a VC are coaching 

and adding credibility to the start-up (Bertoni et al., 2011). An entrepreneur did feel that “the 

VCs are excellent at selecting companies with a large potential upside” [P10]. 

Angel investors in Ireland are important with one interviewee stating that "the Halo 

Business Angel Network (HBAN) is useful in providing funding” [P4]. Another elaborated that 

"VCs will follow the smart money; if the right angel invests, the VCs will follow" [P16]. Other 

avenues used are “the Disruptive Technology Innovation Fund (DTIF), European Innovation 
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and Technology, and the European Innovation Council (EIC) with up to €2.5m available non- 

diluting. However, the grants are administratively heavy and difficult to apply for” [P4]. In a 

recent survey with 496 respondents that complete R&D in Ireland, 46% stated reducing the 

administration required for grants was the key improvement they would like to make (Casey 

and Hardy, 2023). This is ahead of increasing the level of grants and eligibility  that 15% of firms 

would like to implement. The DTIF will fund a minimum of €1.5m over 3 years and requires 

at least 3 independent partners (Disruptive Technologies Innovation Fund, 2023) (EIC 

Accelerator, 2023). 

Another interviewee discussed how “some local companies have used crowdfunding” 

[P4]. An example of crowdfunding is Auri Gen Medical which raised €2.3m in December 2022 

(Thompson, 2022). “Local multinationals would be prepared to invest in start-ups, but the 

funding is generally controlled at headquarters on a site out of the country “[P2]. There can be 

a mismatch in expectations, and a typical crowdfund investor wants their money back in one 

or two years. One entrepreneur reiterated the comments and stated he “ felt that multinationals 

should do more corporate venturing, creating small funds to encourage accelerators” [P6]. 

The comparison of Ireland's funding mechanism with other regions was a recurring 

theme. Israel was cited as an example where “seed money is readily available” [P2]. The 

government in Israel can play a more direct role as they are outside the EU, and unfair 

competition rules do not apply [P16]. The USA was cited as "It is not unusual for a USA-based 

medical device start-up to raise US$ 50 to US$ 80 million. Irish start-ups will be drip-fed the 

venture money “[P9]. Another participant elaborated, "The initial funding in Ireland is seen as 

excellent; there is plenty of money in the early stages (lots of grants), and the issue is raising 

funds in the later stages” [P10]. "a medical device company typically needs to raise between 

€30m to €90m in Series B and C rounds to fund clinical studies”  [P14]. Figure 4-17 shows the 

typical cash flow for a start-up medical device company. 

Grants can help startups get established and perhaps produce a prototype. Significant 

funding is required to complete human or animal trials. VCs do not want to invest until after 

successful first-in-human trials. Having a successful entrepreneur either invest or join the 

board of the startup can help persuade VCs to invest. 

The interviews have indicated it is difficult and expensive to develop and 

commercialize a medical device. Established companies with sales are continually approaching 

and offering funding to the company. One interviewee stated, “Because we were a commercial 

company with a track record of sales we were inundated and hunted down by VCs”. Early-stage 

entrepreneurs have a very different experience, with funding. Medical devices have up-front 
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costs typically between “€30m to €90m” [P14] to get approval of a medical device. An 

entrepreneur will find themselves in “a sprint between funding rounds” [P14]. If the 

entrepreneur misses a project milestone, they risk either losing funding for the firm failing or 

new terms being imposed by investors that reduce potential returns. Table 4-10 summarises the 

interviews on risk capital focusing on why risk capital is required. 

 
Table 4-10 The need for risk capital (Source: Author's own work). 

 

Participant Comment 

P2 “Unless you've got some kind of a large pot of money, it's quite difficult to 

pull together a clinical trial and get it complete.” 

P14 “Medical devices use a lot of capital.” 

P10 “Med tech costs so much to bring to commercial.” 

P10 “The costs are off the charts.” 

P14 “A  medical device company typically needs to raise between €30m to €90m in 

Series B and C rounds to fund clinical studies.” 

P9 “My  philosophy is the only time to go looking for money is when you don't 

actually, need it.”  

P5 “If  your fund finishes you are out of money and your kind of kicked out of that 

bubble or safe space.” 

P14 “It’s  a sprint between funding rounds.” 

P10 “Angels and VCs want a first-in-man before investing.” 
P10 “The cost to bring a product to market goes up and up and this makes 

investing difficult.” 

 
Funding is critical to entrepreneurs, the funding situation in Galway can be difficult  for 

medical device companies. The commercialisation of a medical device is both time-consuming 

and expensive, requiring a long-term commitment to funding. The availability of funding in 

the Galway cluster has improved but was described by one interviewee as “a nightmare” [P8]. 

The government agency Enterprise Ireland (EI) had stepped into fund companies in return for 

equity and is now Europe’s largest seed investor (Enterprise Ireland, 2022). Participants in the 

qualitative research from start-up medical device companies felt funding a medical device 

company was difficult, but the situation had greatly improved from the 1990s. Established 

companies found things very different, one established company stated, “We are continually 
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approached by private equity firms offering money” [P9]. 

Table 4-11 summarises some of the issues with risk capital interviewees commented 

on. 
 
 

Table 4-11 Issues with risk capital (Source: Author’s own work) 
Participant Comment 

P14 “Small funds are particularly vulnerable to changing circumstances.” 

P14 “You need to partner with VCs that have deep pockets.” 

P14 “VCs in Ireland are a small pool.” 

P6 “Venture Capital has seen a dramatic improvement.” 

P6 “Irish  VC is maturing. EI has done a lot to help it.”  
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P14 “Funding has been a rocky road. Various financial crashes mean availability 

goes up and down.” 

P10 “I  know med tech VC in Silicon Valley; they stopped funding as it costs too 

much.” 

P10 “Funding is weaker at a later stage once grants and angels are consumed.” 

P8 “VC funding is a Nightmare. We had 15, different classes of shares when 

running our business.” 

P8 “There is a funding gap between the seed round and post-seed round to your 

Series A that bit is a bit shaky.” 

P8 “This makes management of the business and selling the business complex as 

in Ireland, there is a gap between seed rounds and series A.”  

 
The interviewees indicated that the funding situation has greatly improved over time. 

One participant stated, “ there was 1 VC fund in Ireland in 1996, and now there is a network of 

them” [P16]. Grants have been of significant help in getting companies started. One participant 

stated the “ there is plenty of money in the initial stages (lots of grants)”  [P10]. Although there 

is good availability of grants it has the downside of bringing significant bureaucracy. One 

interviewee stated, “grants make it very difficult, a lot of red tape” [P3]. Table 4-12 summarises 

interviewees’ comments on grants and bureaucracy. “The University of Galway Technology 

Transfer Office encourages academics to move research into commercial use by linking the 

research to grant funding” [P2]. The government directly supports start-ups through Enterprise 

Ireland (EI). EI has become the largest seed investor in Europe (Enterprise Ireland, 2022). 

However, “while EI is seen as a good source of funds, they are highly bureaucratic”  [P2]. One 

multinational stated that “they did not want to work with a company funded through Enterprise 

Ireland again as it was too much work and administration"[P3]. Surveys show that 57% of 

companies said the red tape associated with grants puts them off applying for them (Higgins, 

2022b). EI funding, however, is important for the Irish MedTech cluster, as surveys show that 

80% of start-ups find getting private capital difficult or very difficult (Scale Ireland, 2023). 

A high-potential start-up can get commercial funding of approximately €500k in return 

for 10% equity in the company, which gives the start-up an instant valuation of €5M. For 

example, one respondent stated “However, Irish state rules mean that EI is not allowed to own 

more than 10% of the company. The funding is designed to get the product to animal trials and 

secure initial Intellectual Property (IP)”  [P5]. Thus, funding may not cover the full amount 

required to get the product to be launched. Another participant highlighted, "It is important to 
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talk with VCs at least a year before commercialisation funding runs out -once that funding is 

spent, it is like getting thrown out of the little bubble” [P4]. 

The high initial valuation that EI puts on the company has some unintended 

consequences, as "for later-stage potential investors, the high valuation can make any 

transaction financially unjustifiable”  [P10]. They further elaborated that “ from concept to sale 

can take 9 years as the costs are off the chart, and early investors will have their investments 

“diluted quickly” [P10]. Also “Convertible loan notes allow investors to invest but convert to 

share at valuations set in future funding rounds. This avoids significant dilution” [P16]. 

In general, the participants see funding from EI as positive, but the types of shares they 

demand were seen as an issue “as EI require convertible redeemable preference shares as a 

condition of funding and the share also has a coupon (Interest rate). In addition, in the event of 

the company closing, EI shares have first preference over the remaining assets” [P7]. EI was 

also seen as “slow” by another company and “not moving at the speed of the VCs” [P14]. Table 

4-12 summarises risk capital, grants and bureaucracy. 

 
Table 4-12 Risk Capital, grants and bureaucracy (Source: Author’s own work). 

 

Participant Comment 

P14 “The early-stage enterprise Ireland grants was a straightforward process.” 

P14 “Grants allowed the company to hire consultants get you started.” 

P10 “The initial funding in Ireland is seen as excellent, there is plenty of money in 

the initial stages (lots of grants), and the issue is raising funds in the later 

stages.” 

P10 “Funding in Ireland is excellent there is plenty of money in the early stages.” 

P16 “There was 1 VC [venture capital] fund in Ireland in 1996, and now there is 

a network of them.” 

P16 “Ireland badly needs another 1 or 2 seed investing organisations.” 

P3 “Grants make it very difficult, a lot of red tape to go into the ground and 

arrange and all of that.” 

P3 “The DIF [Disruptive Innovation Fund it's very pedantic in terms of the 

requirements to claim back money.” 

P5 “The com [commercial] fund they’ll typically fund up to half a million, 

maybe 600,000.” 
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P5 “There are grants like Horizon 2020 and there's EIC [European Innovation 

Council] grant funding.” 

P3 “The grant process is very pedantic. As a consequence, we're just not going 

to engage going forward.” 

P14 “Enterprise Ireland is very slow.” 

P3 “There is definitely a lot of bureaucracy around the Disruptive Innovation 

Fund grants.” 

P14 “EI  [Enterprise Ireland] can be slow and does not move at the speed of the 

VCs.” 

 
The interviewees emphasized the importance of reputation and being connected in the 

cluster. One interviewee commented “VCs invest in people”  [P8]. They explained the while the 

concept of the medical device was important the VCs wanted to invest in teams, that are capable 

and can execute. Having an established entrepreneur on the board or investing in the company 

is a signal that the team is capable and will help attract VC investment. One participant stated 

the “VCs follow the smart money” [P16]. Being in the Galway cluster makes it easier to get 

already established entrepreneurs on board. Table 4-13 shows the importance lists some of the 

comments from interviewees related to reputation and risk capital. 

 
Table 4-13 Risk capital, the importance of reputation (Source: Author’s own work). 

 

Participant Comment 

P8 “VCs invest in people, and your reputation is essential.” 

P9 “Knowing who is at least as important as know-how. For funding being 

connected in the cluster is essential.” 

P16 “VCs will  follow the smart money; if the right angel invests, the VCs will  

follow.”  

P14 “Reputation is essential, the Galway location helps VCs take an interest.” 

P2 “US investors do like Irish companies; they love Irish startups.” 

P14 “View of international investors from the USA is that investing in a firm that 

already has government money is like investing in a company with 

communists in it.”  

P2 “Local multinationals would be prepared to invest in start-ups, but the 

funding is generally controlled at headquarters on a site out of the country.” 
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P10 “The VCs are excellent at selecting companies with a large potential upside.” 

 
Many researchers have identified the positive impact of venture capitalists (VC) on a 

cluster’s growth, strength and success (Avnimelech et al., 2007). However, VC and Research 

and Development (R&D) investment in Ireland is below that of competing nations. Total VC 

investment in Ireland accounted for 0.106% of Gross National Income (GNI). This is just 20% 

of the rate in the USA and 25% of the VC rate in Estonia (Ruane, 2023). This is a concern as 

VC funding provides positive input that cannot just be obtained through public finances 

(Bertoni et al., 2011). There are many different methods of funding innovation and start-ups 

globally. Figure 4-4 details typical funding sources utilized by MedTech companies in the 

cluster based on the stage of the company and the investment level required. 
 

 
Figure 4-4 Investment options at different stages of a company (Source: Author’s own work). 

 

The risk reduces as a company develops its device, first-in human use or positive 

clinical trials are key milestones for a start-up company. As the risk is reduced more sources of 

funding become available. The risk is reduced in a series of inflexion points, a demonstration 

of safety and efficacy in an animal trial is a key inflection point that reduces risk. There is a 
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significant gap in funding between grants available typically less than €1m and the €30m to 

€90m funding required to commercialise a medical device. 

Figure 4-5 shows the trend in VC activity in Ireland for medical device 

companies based on data from the Irish Venture Capital Association (IVCA) (Larkin, 

2023). VC investments for non-medical device companies have been removed from 

the data. Data for the Galway cluster is not available, but as Galway is a significant 

part of the medical device industry, the data is relevant to the study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4-5 Venture Capital activity in Ireland for Medical Device companies   

            (Source: Author’s own work) 

4.1. Entrepreneurs 

Entrepreneurs emerged as a key theme of the SSIs. Figure 4-6 shows a chain of start- ups 

being spawned from CR Bard (now Medtronic). The average time between founding a medical 

device company in the Galway cluster and achieving a financial exit was 9.2 years. The lines 

show where employees or founders went on to create a new company. Neuravi, purchased by 

J&J in 2017, is an example of a start-up attracting a new multinational to the Galway cluster. 

Novate was purchased by Boston Scientific (BSC), further reinforcing BSC’s presence in 

Galway. On average, in this example, the start-ups were bought 9.2 years after the firm was 

initially founded. The process of start-ups being bought by multinationals generates a pool of 

serial entrepreneurs and investors (Bruzzi and Linehan, 2013b). The cluster is described as in 

its “third  wave” of start-ups (Roddy, 2022). Firms in a cluster often share a 
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common lineage with a parent firm (Chandler and Saxenian, 1995). Many semi-conductor 

businesses in Silicon Valley can trace their origin to Fairchild semiconductor which spawned a 

series of semi-conductor companies for example Intel (Chandler and Saxenian, 1995). The 

common heritage that is present in the Galway cluster helps improve collaboration and 

communication. 

 

Figure 4-6 Startups in the Galway cluster being spawned from CR Bard and other start-
ups (Source: Author’s own work). 

The sale of companies to multinationals can be hugely significant as the capital is 

divested among senior management who continue to invest in the ecosystem (Roddy, 2022). 

The successful sale of a start-up enables other start-ups to be formed. Table 4-14 lists some of 

the key entrepreneurs in the Galway ecosystem. A characteristic of a successful cluster is the 

recycling of entrepreneurs, i.e. the entrepreneur founded several startup companies (Mason and 

Brown, 2014). The serial entrepreneurs are generating a series of start-up companies, that 

employees of then go on to start other companies. 

 
Table 4-14 Entrepreneurs Medical Devices Galway ( Source: Roddy, 2022). 

 
Entrepreneur Companies founded 
John Power Aerogen 
John O’Dea Crospon, Palliare, Ceroflo 
John O'Shaughnessy Mednova, Neuravi 
Paul Gilson Mednova / Novate/Veryan Director ProVerum/ BlueDrop Medical 
Declan Quinn Ascentifi, investor ProVerum, manager Xenium 
Eamonn Brady Whiteswell/Mednova/Novate/Ceroflo 

 
 

 
 

 

 

CR Bard/   
 

   

 

 Smart Reactor 
(2019- ) 

Embo Medical   
 Perfuze (2018- ) 
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Medical device start-ups are typical of an Innovation Driven Enterprise (IDE). IDEs are 

characterised by: requiring significant funding, having substantial risk, selling to global 

markets, having a competitive advantage based on innovation and seeking to protect the 

innovation (Aulet and Murray, 2013). For entrepreneurs, this requires funding in the range of 

€30m to €90 m over the 9 years shown in Figure 4-7. The SSI indicated that for the 

entrepreneur, funding was the most significant issue they faced. 

 

Figure 4-7 Typical cash flow to exit for a medical device startup (Source: Author’s own work 
based on interview data). 

Increased numbers of startups are an indicator that the cluster is sustainable. Figure 4- 

8 shows the number of medical device start-ups in Ireland has been increasing. 

 
 
 
 
 
 
 
 

           

 

Figure 4-8 Medical Device Start Ups Ireland (Source : Author’s own work) 
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Giblin and Ryan (2012) show the number of indigenous medical device companies in 

the Galway cluster increased from just 5 in 1990 to 75 by 2009. Just 1 firm (20% of the 

companies) in 1990 developed products in 2009 and 32% of the companies had internal 

research or development. In the 19 years from 1990 to 2009, the indigenous cluster evolved, 

and there are more firms characterized by greater complexity. One in eight medical device 

firms in Ireland has been created through a specific Bio Innovate program in Galway City 

(O’Halloran, 2023). The data shows there has been a positive trend in medical device startup 

rates from 1990 to 2020s. The number of start-ups in the Galway cluster has increased and the 

complexity of devices they manufacture has also increased. 

 
 

4.2. Startups-Innovation at the bleeding edge. 

Interviews with companies revealed that all the startups in the cluster seek to develop 

medical devices for unmet clinical needs [P 5, 6, 7, 9 and 10]. Start-ups focus on the milestones 

required for the next funding round. The innovation process is a series of sprints [P14] that 

involve doing anything required to achieve the next milestone. In interviews, the startups shared 

stories of what they did to make the next milestone. One company used pigs’ blood to test a 

medical device. The blood clotted, and the tests failed. It was suggested human blood would 

not clot. The entire staff donated blood and used their blood to test the device. The human blood 

did not clot, and the device passed the required testing.  

A company developed a device to deliver fluids directly to the marrow of the bone 

(Intraosseous infusion). The prototype was to demonstrate that a needle could consistently 

pierce the breastbone but not enter the heart. The engineers did not want to waste time getting 

a doctor involved, so they took turns stabbing themselves with the needle. They all were pleased 

the needle did not penetrate their heart. The team demonstrated that the risk of getting stabbed 

in the heart with a needle was less of a concern than the risk of missing the next funding round. 

A laryngeal mask airway (LMA)  is a less invasive method of achieving intubation than 

a traditional endotracheal tube. On receiving a new prototype, the engineer unwrapped it and 

immediately stuck it down their throat. This risked damage to their vocal cords and was a 

choking risk. If they had vomited the engineer had a risk of death. 

The stories the companies shared demonstrated their commitment to delivering success. 

The use of industrial standard innovation systems or processes was weak. The focus of the 

companies involved is a sprint to the next milestone. In medical devices, blood on the carpet 
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can be very literal. They all believed their new product would sell at a premium price as it  did 

not face competition. 

 
 

4.3. Disruptive innovation 

Christensen (1997) states disruptive technologies target overlooked segments of a 

market, typically at a lower price than the incumbent products. Another characteristic of 

disruptive technology is that incumbents view disruptive technology as inferior; for example, 

PCs disrupt the main frame market. The incumbent company does not respond to the disruption 

as the disrupting device is of low value, has inferior performance, and the best customers do 

not want to use the product. A key characteristic of disruptive technologies is incumbent 

companies withdraw from the low-end market segment, leaving it  free for new entrants to take 

advantage (Christensen, 1997). 

It can be difficult to identify if a new medical device is disruptive as defined by 

Christensen. The mantra of medical device startups in the cluster is to provide a solution to an 

unmet clinical need (Denend, 2017). 

Aortic stenosis (AS) is the most frequent heart valve disease. Traditional surgery to 

repair the valve is complex requiring anesthesia, a transthoracic incision and extracorporeal 

circulation for saphenous vein grafts. 33% of patients were refused treatment as the surgery 

was too high a risk (Iung et al., 2005). No treatment means the condition is terminal. 

Transcatheter aortic valve implantation (TAVI) enabled the repair of heart valves through 

minimally invasive means. The valves are not cheaper than traditional heart valves, so they do 

not appear to be disruptive (Berlin et al., 2015). If the entire procedure is considered, then TAVI 

is disruptive. It enables a simpler procedure to be performed through an incision in the groin. 

Anaesthesia is not required; the complexity of transthoracic incision and extracorporeal 

circulation for saphenous vein grafts is avoided (Braile and Evora, 2019). A new discipline of 

interventional surgery developed, and cardiac surgeons lost their leadership role in valve 

surgery (Braile and Evora, 2019). TAVI treatment disrupted the existing treatments, offering 

less invasive treatments that are less complex, enabling less skilled practitioners to complete 

the procedures. TAVI’s  establishment in the market is the norm for a disruptive medical device. 

Initially, there is a pool of patients that have no treatment options. Major surgery becomes a 

treatment; this is replaced by a minimally invasive treatment. The minimally invasive treatment 

is initially  offered to patients who cannot undergo traditional surgery. Once the minimally 
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invasive treatment is demonstrated to be as effective as traditional surgery, it becomes the 

default treatment (Goodney et al., 2009). 

Table 4-6 compares the TAVI innovation with the disruption model proposed by 

Christensen. For new market disruptions, Christensen states the target market is non-

consumption, i.e. the introduction of a new product creates new demand from new customers; 

this is typically customers who cannot afford the treatment. For TAVI,  non-consumption is the 

33% of patients that could not undergo the standard procedure. Christensen suggests that new 

market disruptions require new entrants to make profits at a lower price point than the 

incumbent. In medical devices, new market disruptions do not need to offer a low-cost device 

to be successful. The initial patients had no alternative treatment, and pricing was not a barrier 

to use. Medical devices that treat an unmet need grow the overall market. Balloon angioplasty 

was an alternative to bypass surgery. When initially introduced, bypass surgery continued to 

increase in use. It took 10 years before angioplasty use increased to the point where bypass 

surgery was reduced (Christensen and Raynor, 2003). A study by Mohammad et al. (2022) 

found a factor of 4 increase in minimally invasive heart procedures and improved outcomes for 

patients in 12 years from 2005. Overall, more patients were treated as previously patients were 

not offered risky open-heart surgery and were given a minimally invasive procedure. 

 
Table 4.6 Unmet clinical needs fit  in the approach for the new growth model  

(Source: Christensen and Raynor, 2003) 
 

Dimension Sustaining 
innovations 

Low-end 
disruption 

New-Market 
Disruptions 

TAVI  Fit 

Targeted 
performance of 
the product or 
service. 

Improve 
attributes most 
valued by 
demanding 
customers 

Performance 
that is good 
enough at the 
low end of the 
mainstream 
market. 

Lower 
performance in 
“Traditional” 
attributes, but 
typically 
provides 
simplicity and 
convenience. 

It is a less 
complicated 
procedure, a 
more 
complicated 
device. 
Significant 
conveyance for 
the patient. 

Target 
Customers or 
market 

Most profitable 
customers in 
mainstream 
markets. 

Overserved 
customers in the 
low end of the 
mainstream 
market. 

Non- 
consumption 
customers 
typically lack 
the money to 
buy the product. 

Treatment for 
patients who 
have no 
alternative, i.e. 
non- 
consumption. 

Impact on the 
business model 

Improve or 
maintain profit 

Uses lower 
gross profit but 

Business 
models must 

Reduces overall 
costs for health 
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 margins by 
exploiting the 
existing 
processes and 
costs 

high asset 
utilisation to 
earn an 
attractive return. 

make money at 
the lower price 
point. 

service. Note 
the medical 
device may cost 
more. 

 
Advantages of minimally invasive procedures include less postoperative pain, fewer 

complications, shortened hospital stay, faster recovery, less scarring, less stress on the immune 

system, reduced operating time and reduced costs (Mohiuddin and Swanson, 2013). Startups 

developing products for unmet clinical needs are creating new market disruptions. Christensen 

and Raynor (2003) recommended that the strategy for the new entrant is to capture the new 

growth and avoid competing in the established market. Medical device start-ups in the Galway 

cluster target market disruption devices the start-ups refer to these devices as a device that 

meets an “unmet clinical need”. 

4.4. The Reason that  multinationals established in Ireland and the Galway cluster. 

The European Union (EU) is the world’s second-largest medical device market (Fortune 

Business Insights, 2020). Ireland was able to attract the world’s largest medical device 

companies due to its proximity and tariff-free access to the EU, relative cost competitiveness 

and responsive regulatory systems (Bamber and Gereffi, 2013). Ireland’s low corporate tax rate 

(10% in the 1990s) is often quoted as a reason for FDI. While its acknowledged corporate tax 

rates play a role in FDI, Higgins (2022) suggests alternative reasons for a skilled workforce, 

stability, membership in the EU, and a regulatory regime conducive to doing business. Medical 

device firms self-reported the availability of skilled labour as the most important factor when 

selecting a site (Kimelberg and Nicoll, 2012). The role of education in attracting and 

maintaining FDI is vastly underestimated (Matthews, 2021). 

Regulatory guidelines for medical devices in the EU offered a significant advantage 

compared to the USA and other global locations. In 1990, a typical medical device could 

achieve EU regulatory approval in 9 months; it would take 30 months for the equivalent product 

approval in the USA (Daigle and Torsekar, 2019). Developing products in the EU enabled 

medical device companies to launch new products 21 months faster than in the USA. Figure 4- 

9 plots the time per market for regulatory approval. 
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Figure 4-9 Average time to approve a medical device (Source: Author's own work based on 
data from Daigle and Torsekar, 2019). 

 
 
 

4.5. Impact of FDI on the medical device cluster 

Giblin and Ryan (2012), in their paper “Tight clusters or loose networks?” demonstrate 

how public policy created a cluster focused on cardiovascular devices in Galway City. The 

paper identified 42 medical device companies in County Galway in 2009. They also highlighted 

that the core of the clusters was based on two multinationals, Boston Scientific and Medtronic, 

both of which focus on minimally invasive cardiovascular treatments. The Irish medical device 

cluster was triggered initially by foreign direct investment from USA multinationals (Brazys 

and Regan, 2021, Ryan and Giblin, 2012). 59% of FDI projects in Ireland come from USA-

based companies (de Freine et al., 2023). It  is recognised that “Ireland did not have an 

indigenous medical device cluster”; it was forced into existence by multinationals (Power, 

2022). Hill and Brennan (2000) state that industrial clusters require driver industries at the 

centre. For the Galway medical device cluster, Medtronic and Boston Scientific have become 

the driver industry. 

Giblin and Ryan (2012) investigate the role of foreign direct investment (FDI) in 

creating clusters. The authors cite evidence that FDI in clusters contributes to the advancement 

and dynamics of clusters. FDI also increases the degree of internationalization of domestic 

firms. The sustainability of clusters is based on developing a skilled labour pool, specialist  

suppliers, and knowledge spillovers. 
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Of the medical device startups in Ireland, where the background of the founder could 

be established, 64% of the founders had previously worked in a medical device multinational. 

Chatterji (2009) states that medical device startups perform better if  the founder has worked in 

an industry with similar regulatory requirements. In the life science industry, founders with 

industrial experience are more likely to have a successful spin-off and generate more funding 

(Curran et al., 2011). It is proposed that industry/ business knowledge gives an advantage in 

clinical trials and regulatory requirements and in translating solutions to unmet medical needs 

(Curran et al., 2011). Studies of 153 high-technology startups show founders who have the 

same industry experience have a strong positive effect on early-stage growth (Hashai and 

Zahra, 2022). The current evidence of the rate of medical device start-up creation, innovation, 

and sustainability of multinational companies supports Giblin and Ryan’s analysis that FDI has 

had a positive impact on the medical device cluster. 

There are 450 Medical device companies in Ireland (Irish MedTech Association 

Strategy, 2022). The Irish medical device cluster was triggered initially by foreign direct 

investment from USA multinationals (Brazys and Regan, 2021, Ryan and Giblin, 2012). The 

Galway medical device cluster was established with Medtronic and Boston Scientific 

established in proximity to each other. 

A review of the 450 medical device companies in Ireland reveals that 90% of medical 

device employees work in multinational companies. Multinationals also dominate exports with 

90% of medical device exports from multinationals (Department of Business, 2020). The 43 

largest Medical Technology companies were identified (Irish Times, 2021). The 43 companies 

have 71 sites in Ireland. 75% of these are US-based multinationals, 10% are Irish and 4% are 

German (McKernan and McDermott, 2022). 

Of the medical device start-ups in Ireland, where the background of the founder could 

be established, 64% of the founders had worked in a medical device multinational. It has been 

recognised internationally that medical device start-ups perform better if the founder has 

worked in an industry with similar regulatory requirements (Chatterji, 2009). In the lifescience 

industry founders with industrial experience are more likely to have a successful spin-off and 

generate more funding (Curran et al., 2011). It  is proposed that industry/ business knowledge 

gives an advantage in clinical trials, regulatory requirements, and translating solutions to unmet 

medical needs (Curran et al., 2011). Studies of 153 high-technology start-ups show founders 

who have the same industry experience have a strong positive effect on early-stage growth 

(Hashai and Zahra, 2022). 
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Ryan and Giblin (2012) state multinationals have established critical capabilities 

required to develop a successful medical device cluster in Galway. These capabilities have been 

established in a few specific medical technology areas. The benefit of multinationals in 

providing a skilled pool of personnel has been recognised by Bruzzi and Linehan, (2013b). The 

founders of medical device start-ups in Galway acknowledge that multinationals helped them 

develop their softer capabilities, for example, international and clinical contacts. Typically, 

there are several large established businesses at the heart of an entrepreneurial ecosystem 

(Mason and Brown, 2014). 

Hånell et al. (2021) found that managers of small and medium enterprises (SMEs) who 

had previously worked for a multinational are more likely to start exporting early in the firm’s 

creation. They also highlight that this increases the risks, as the extra resources result in a larger 

impact if the project fails. 

Multinationals have been shown to anchor the industry and increase resilience and 

innovation in a cluster (Ryan et al., 2021). With 90% of employment and exports created by 

multinationals, most start-ups are founded by entrepreneurs who had been employed by 

multinationals we can conclude multinationals are the driver of the Medtech cluster in Ireland. 

The multinationals are currently a keystone of the Medical Device cluster, without their 

presence, it’s likely a significant part of the cluster would collapse. 

The MedTech cluster is seen as a significant success triggered initially  by foreign direct 

investment from USA multinationals (Brazys and Regan, 2021). The multinationals of Boston 

Scientific and Medtronic created what Perroux (1955) referred to as a “growth pole” based in 

Galway. Multinational companies dominate the MedTech sector in Ireland. These companies 

began investing in the late 1960s, with key investments in the 1990s. Multinationals represent 

40% of the MedTech companies but represent 90% of the employment (Irish Times, 

2021, Keogh, 2022). Multinational sites that were established in Ireland began with 

manufacturing and all critical controls in the USA. A generation on from the initial 

investments, the sites have added R&D and significant global support functions (Walsh, 2021). 

The author of this research created a database of medical device companies. The data 

was compiled by using data from the Irish MedTech Association (IMA), Enterprise Ireland 

(EI), Industrial Development Authority (IDA), the Irish Times’ top 1000 companies, Irish 

Venture Capital Association (IVCA) web searches, and newspaper archives. The list includes 

the company, year established and number of employees. The number of employees was based 

on the publicly available information; however, the publicly stated number of employees can 

be inaccurate. For example, in interviews, an executive at a manufacturing site stated, “We 
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always understate the numbers employed on-site” [P11]. The reasons given for understating 

the numbers were “we like to keep a low profile and within the corporation, we do not want to 

highlight our headcount”. This theme was repeated with several multinational interviewees 

stating that they understate employment numbers. It was common to not count canteen staff, 

security, and full-time contractors in overall employment figures. 

The data was plotted using the headcount on-site in Irish Medtech companies in 2017 

versus the year that the site was established. For example, if the company was established in 

1990 with 40 people but in the year 2017 it employs 2000, then 2000 is entered in the year 

1990. The data is plotted cumulatively in Figure 4-10. Acknowledging concerns with the 

employment data, there is very clear quantitative evidence that the medical device cluster has 

grown based mostly on sites established in the 1990s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-10 Cumulative jobs based on the year Medtech sites were established 

( Source: Author’s own work) 

As the sites matured, some sites became campuses, with multiple manufacturing sites 

and support services. Examples of device manufacturers based in the Galway cluster which 

have followed this growth model include Medtronic, Boston Scientific, Zimmer, and Abbott. 

The Galway cluster is a literal A to Z (Abbott to Zimmer) of medical device companies. As the 

individual Irish sites matured, they were involved in proposed acquisitions bringing new 

business areas to the manufacturing sites. The sites have established a reputation for quality 

and reliability (Walsh, 2022). Figure 4-11 shows a model of site capabilities maturing over 

time. As the site matures, the risks involved are reduced. Quality problems and recalls are much 
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less likely to occur in mature sites that have developed a high level of capabilities (Walsh, 

2022). The Irish sites have become reliable and low-risk locations for further investment. 

 

Figure 4-11 Model of Manufacturing Site Maturity (Source: Walsh, 2021) 

Medtronic and Boston Scientific are placed at a level 5 in the maturity index; both are 

global centres of excellence with several hundred people involved in leading global R&D 

efforts. Dexcom, which is establishing a manufacturing site for 1000 employees in Galway but 

just started breaking ground in January 2024, is at the implementer stage of maturity. 

 

4.6. Therapeutic categories of medical device companies in Ireland 

To categorise the types of Medical Device companies in Ireland, data from the United 

Nations Commercial Trade database was analysed. Chapter 3 detailed the methodology for 

gathering the data based on the Harmonised Commodity Description and Coding System (HS 

Codes). The HS codes break medical device exports into the category of device exported. 

Vascular and Orthopedics together make up 75% of exports by value. Exports for Ireland are 

used as separate data for Galway exports is not available. The Galway cluster is particularly 

strong in the exports of cardiovascular devices (McKernan and McDermott, 2024a). Galway and 

Ireland’s medical device exports are based on a few narrow categories of medical devices. 

Some categories of medical devices are completely absent from exports, such as capital 

equipment such as computed axial tomography (CAT) scanners. Figure 4-12 shows categories 

of medical device exports. 
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Figure 4-12 Ireland's Medical Device Exports 2010 to 2021 (Source: Author’s own work 

based on data from the United Nations Statistics Division, 2022). 

 

 
4.7. The physical scale of the medical device cluster 

To assess if  the medical device industry has clustered in specific geographic locations, 

the authors reviewed the number of medical device startups in each county. As start-ups 

typically have a low number of employees the number of startups is used rather than 

employment numbers in the company. A startup was defined as a medical device company that 

was founded between 2010 and 2020 is indigenous to Ireland. Indigenous means the 

entrepreneur or the executive management are base in Ireland. Excluded is a company formed 

in the last between 2010 and 2020 but Ireland is a second site and the executive team are based 

abroad. The data was summarised by county. The population of the county was obtained from 

the Central Statistics Office (CSO). In Ireland, there are 13.1 medical device startups per 

100,000 people. In a non-clustered industry, each location would have approximately 13 

medical device startups per 100k population. Natural variation in results around the central 

mean is expected. County Galway in Ireland has over ten times the average startup rate at 130.2 

startups per 100,000 population. Twelve counties had medical device startups, and 20 counties 

had zero startups. Table 4-15 lists the number of medical device startups by county, the 

population of the county and the rate of start-ups creation per 100k of population. The table 

lists counties from highest start-up rate to lowest start-up rate per 100k of population. 
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Table 4-15 Rate of Startups in Proportion to Population (Source: Author’s own work). 
 

County No. of 
Start-ups 

Population (2022) Start-ups per 
100k 
population 

Galway 36 276,451 130.2 
Limerick 6 205,444 29.2 
Dublin 33 1,450,701 22.7 
Ireland 92 7,026,636 13.1 
Westmeath 1 95,840 10.4 
Antrim 6 618,108 9.7 
Clare 1 127,419 7.8 
Mayo 1 137,231 7.3 
Louth 1 139,100 7.2 
Cork 4 581,231 6.9 
Kerry 1 155,258 6.4 
Derry 1 214,800 4.7 
Kildare 1 246,977 4.0 

 
The location of start-ups and established firms was plotted on a map of Galway, see 

Figure 4-13. All the start-ups and multinationals are within 10 Kilometers (km) of the center 

of Galway City. The blue square in Figure 4-13 has 5 km of sides. 

 

Figure 4-13 Medical Device companies in the Galway Eco-system (Source: Author’s 
own work). 

 
 

Looking more closely we see the medical device companies form several sub-clusters 

within Galway City. Figure 4-14 shows the logical groupings. Separate clusters have formed 

around two founding medical device companies, Medtronic and Boston Scientific. It  is 
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recognized that these two Medical Device companies moving to Galway ignited the medical 

device cluster in Galway City (Giblin and Ryan, 2012). Both companies focus on 

cardiovascular products, have created a campus employing over 4500 people and are within 

walking distance of each other. They are separated from each other physically by Galway’s 

local racecourse and virtually by a wall of patents and non-disclosure agreements. 

Smaller medical device firms have clustered into the same business parks where these 

companies were originally founded. Other physical clusters are concentrated on university 

campuses (Figure 4-14). The grouping in Atlantic Technology University is based in an 

incubator called I Hubs. 

 

Figure 4-14 Medical Device Clusters in Galway City (Source: Authors' own work). 
 
 

McCormack et al (2015) discussed a survey from the Medicon Valley (MV) in 

Scandinavia to contrast the MV cluster with the level of open innovation in Galway’s (in 

Ireland) medical device cluster. The paper reviews the results of 31 medical device companies. 

In the Galway cluster, 83% of respondents stated location was important, very important, or a 

determining factor in their choice of site. In contrast to the MV cluster, only 7% considered 

location important (McCormack et al., 2015). 

Other research shows the cluster effect is contained within a small geographical area. 

For example, an increase in funding at Weber State University in Utah USA resulted in an 
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increase in entrepreneurial activity within 5 miles of the university. The effect was not seen in 

areas between 5 and 50 miles (Tartari et al., 2021). 

Runiewicz-Wardyn (2020) finds knowledge spreads more rapidly in urban areas close 

to major universities. The author summarises physical and social proximity that generates a 

self-reinforcing spiral of learning. 

In an earlier paper Hermelin et al.(2014) argue medical device companies require 

relationships with high levels of trust with organisations and with physicians, nurses, and 

patients. A key benefit of being physically in a medical device cluster is to enable social 

embeddedness and trust. 

Runiewicz-Wardyn (2020 ) finds knowledge spreads more rapidly in urban areas close 

to major universities. The author summarises physical and social proximity that generates a 

self-reinforcing spiral of learning. Hemmert et al. (2019) support this finding, stating startups 

tend to cluster at specific locations to take advantage of intense knowledge exchanges with 

close by organisations. Clusters typically have higher rents and costs, but productivity gains 

from being in a cluster outweigh the extra costs by a factor of 6 to 1 (Walsh, 2023). 

The physical evidence shows that location is important in the proliferation of a cluster. 

It cannot be considered that the island of Ireland is a medical device cluster. Clusters are 

geographically contained regions. For example, Germany lists 16 medical device clusters in 

specific geographical locations (Schmidt and Flemming, 2018). Galway City meets Delgado’s 

definition of a cluster as a concentration of industry related to knowledge, skills, inputs, 

demand, and other linkages (Delgado et al, 2014). Galway City has been described as the 

“center of Ireland’s MedTech magic circle” (Roddy, 2022). 

4.8. How industrial  clusters are initiated 

Silicon Valley is documented as the classic industrial cluster. Government funding of 

university research led to the creation of firms that feed off  that research (Etzkowitz and Zhou, 

2018). It is typical for a Western entrepreneurial ecosystem to develop around world-class 

research institutes (Miller and Acs, 2017). Cambridge in the United Kingdom (UK) is another 

example of a university generating an industrial cluster. Silicon Valley and Route 128 in Boston 

are typical examples of cluster development that closely follow the triple helix model in which 

government, industry and research institutes lead to the creation of a cluster (Etzkowitz and  

Leydesdorff, 1995). 

Clusters have also been shown to grow from a traditional industry, for example, a surgical 

instruments cluster in Tuttlingen, Germany grew based on local factor conditions with a cluster 
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starting in the 17th century (Halder, 2002). Tuttlingen had no third-level institutions until 2009 

when, due to local stakeholders lobbying, a third-level institution was established (Divus, 2024). 

Large cities can create the environment from which clusters grow. Startups have established 

and generated clusters in Asian cities where the population was over 10m. There was no 

identifiable knowledge hub in the city, yet the cluster spontaneously appeared (Hemmert 

et al., 2019). The scale of the Asia cities provided the physical infrastructure for new firms to 

flourish. Dense locations enable new entrepreneurs to arise as it’s possible to establish the social 

ties and knowledge necessary to create a start-up (Sorenson and Audia, 2000). 

Purposeful government action can aid in the establishment of clusters. Mauritius had 

no specific resources but developed a garment industry on the back of intentional government 

action (Cassidy et al., 2009). Mauritius has created policies to grow its small medical device 

cluster (Mauritius - Medical Equipment, 2022). It focused on gaining favourable trade terms 

with Indian and African countries (LEFÈVRE, 2023). The favourable trade terms have enabled 

Mauritius to be positioned as a location to manufacture medical products to be sold in these 

markets. 

Ireland appeared to have few factor conditions to initiate industrial clusters. An 

English-speaking workforce, flexible tax, membership of the EU and actively promoting itself 

has encouraged FDI. In Galway, the FDI has created a medical device cluster (Giblin and Ryan, 

2015). It is recognised that “Ireland did not have an indigenous medical device cluster”, it was 

forced into existence through multinationals (Power, 2022). Costa Rica has also created an 

early-stage medical device cluster based on multinationals as the driver (Lo, 2018). 

Minnesota created a significant medical device cluster known as Medical Alley. 

Medtronic was established there in 1949 producing the world’s first wearable cardiac 

pacemaker. From Medtronic at least 35 spin-off companies were established for example St 

Jude Medical and Cardiac Pacemakers Inc (Rhees, 2009). Medical Alley now has 500,000 

people employed (Emeritus, 2024). Medical alley put the success of the cluster down to the 

presence of funding from a strong local mutual funds that had established in the area and access 

to clinical institutions, Mayo clinic is based in the City. contrast the success of the Minneapolis 

cluster with Zimmer founding in 1927 in Warsaw Indiana. Zimmer is a highly successful 

multinational, but it has not created a medical device cluster in the region as it lacked critical 

stakeholders for financing and clinical access. 

Examples of cluster development show that clusters can be initiated in many ways. The 

classical triple Helix model of cluster development does not capture how many types of clusters 

have been established. 
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4.9. Innovation: R&D  spend. 

In their paper, Sultan et al. (2021) ask if “multinationals are killing innovation”. The 

authors accuse multinationals of “choking disruptive technology”. This accusation seems 

unusual in an industry that is characterised by a constant flow of innovation (Maresova et al., 

2015), and where the average life cycle of a product is 18 months (Bamber and Gereffi, 2013). 

Other evidence suggests multinationals’ behaviour is not innovative. Eatock et al. 

(2009) surveyed 38 medical device companies in the UK and Ireland and obtained results on 

68 products. The survey results showed that large companies focused on incremental new 

products and did not adopt differentiated new products or technologies. The survey showed 

that for incremental products, 66% were judged to be a disappointment. A surprising outcome 

is that the more radical the new product, the more likely it  was to be considered a success. Even 

though incremental improvements were the least likely outcome for success, this is the strategy 

many large companies applied (Eatock et al., 2009). Startups produce more impactful 

inventions per dollar spent than established firms (Chou, 2020). 

Multinationals may be unable to capitalise on disruptive innovation due to focusing on 

incremental innovations to existing products (Chatterji, 2009). Small and medium firms are 

twice as likely to launch radical innovations on the market (Bamber and Gereffi, 2013). Medical 

device multinationals have outsourced much of their research and development (R&D) to 

startups (Lynn et al., 2019). 

If innovation is important and large companies are poor at innovation, we expect large 

companies to be replaced with dynamic younger companies with greater innovation. In a 

review of data from the top 100 medical device companies, the average age of a medical device 

company is 72 years (Medical Design and Outsourcing, 2021). Only 14 of the top 100 

companies in 2021 are 25 years or less old. 64% of the top 100 companies are more than 50 

years old. The average age of a company in the S&P 500 has declined from 60 years in 1958 

to less than 20 years in 2021 (Hunsaker and Knowles, 2021). The medical device industry 

shows significant stability, with the average age of the top 100 medical device companies being 

over 50 years compared to less than 20 years in other industries of similar scale. 

Figure 4-15 shows the R&D spend of the top 100 medical device companies 

established and their revenues in 2021. 93% of companies spend a larger percentage of revenue 

on R&D than Ireland. This is despite Ireland having an effective tax rate of -3.15% compared 

to the USA tax rate of 21.57%. Ireland’s effective tax rate for R&D is the lowest in the 

Organization for Economic Cooperation and Development (OECD.Stat, 2023). 
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Figure 4-15 Percentage R&D spend in multinationals and Ireland in 2020. 
(Source: Author’s own work) 

 
Sultan et al. (2021) proposed that large multinationals leave innovation to smaller 

companies to save money on research and reduce the risks they face. The average R&D spend 

for the sector was 9% of the revenue (Medical Design and Outsourcing, 2021). The data shows 

multinationals are prepared to spend significant funds on R&D. The question it triggers is as to 

what proportion will be spent on R&D in Ireland. Multinationals spent US$345m in Ireland on 

R&D in 2020 (Whooley, 2022). This equates to 2.8% of the revenue of Ireland’s medical device 

exports, significantly less than the industry average R&D spend of 9% of revenues of the global 

spend of multinationals. The R&D expenditure in Ireland should be 3 times greater to match 

the industrial average. Table 4-16 compares some key statistics for Ireland's medical device 

companies compared to typical multinationals. 

The cost of R&D engineering in Ireland is “approximately half that of the United States, 

and accessing talent is easier in Ireland. R&D is about confidence in the location. In 

multinationals, R&D is held tightly in central locations and is only moved to other locations 

when trust is built” [P11]. Based on data in Table 4-16, if Ireland’s R&D spend matched 

established medical device companies, an extra €705M would be spent per year on R&D. 
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Table 4-16 Comparing recent and established medical device companies with those in 
Ireland (Source: Authors' own work) 

 

 R&D Spend 
(% Revenue) 

Revenue per 
employee US$ 

% USA Employees Revenue 
US$ 

Established > 25 years 7.50% 285k 53% 19,509 4.8B 
New < 25 years 15.70% 344k 79% 2,776 723M 
Ireland 2.80% 323k 90% 46,000 15B 

 
 
 

An explanation for large multinationals' underperformance in developing differentiated 

products is that they have become highly successful and capable in specific core products, and 

alternative investments appear to be less profitable. As companies become large, entering small 

markets becomes less viable. 

Well-run companies assign resources to projects that increase margins and grow 

markets Christensen (1997), in his book "The Innovator’s Dilemma", demonstrated that 

established firms almost always lead the way in incremental innovation. Some of these can be 

radical. It is difficult  for a too new product to replace the leading companies. The data from the 

medical device industry support Christensen's view that established companies maintain their 

lead in their established medical category, and it is difficult for new companies to unseat with 

similar products. Buying startups is a method for large multinationals to overcome innovators' 

dilemmas and release differentiated products. 

The author reviewed the twenty largest medical device companies globally (Newmarker 

and Salemi, 2021). Companies with a significant presence in Ireland were selected. The initial 

treatment the company offered when established was identified from the firm’s website. 

Companies that sold pharmaceuticals since when they were founded were removed from the 

list. The initial therapeutic offering was compared to the main treatment offered in 2023. 

Despite some of the companies being 176 years old, the main treatment has not changed. For 

example, Zimmer and Stryker were founded to manufacture orthopaedic products; almost 100 

years later, the companies are still focused on the same therapeutic area. The companies have 

implemented some radical innovations. For example, Zimmer has developed robotic solutions 

to assist in orthopaedic surgery (Zimmer Biomet, 2023), but after 96 years, it is still an 

orthopaedic company. Table 4-17 shows the stability of medical device companies. 
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Table 4-17 Stability in Therapeutic Treatments Offered by Medical Device Companies 
(Source Author’s own work). 

 

COMPANY Year 
founded 

Age 
in 
2023. 

Initial Therapeutic 
Treatment 

2023 Therapeutic 
Treatment 

Siemens 
Healthineers 

1847 176 Electrotherapy and 
imagining X-Ray 

Electrotherapy and 
imagining diagnostics 

Essilor Luxottica 1849 174 Ophthalmic Ophthalmic 
Johnson and 
Johnson 

1886 137 sterile dressings Conglomerate, 
collection of 
companies. 

Zimmer Biomet 1927 96 Orthopedics Orthopedics 
Stryker 1941 82 Orthopedics Orthopedics 
Medtronic 1949 74 Cardiovascular 

(Pacemaker) 
Cardiovascular 

Boston Scientific 1979 44 Cardiovascular Cardiovascular 

 
The literature review shows that medical device multinationals have outsourced some 

innovation to startups (Lynn et al., 2019). The multinationals invest significant resources in 

internal R&D, and it is focused on its core treatments. Startups provide significant innovation 

in differentiated products for currently unmet clinical needs. Start-ups and multinationals have 

a symbiotic relationship, with both parties benefiting from the process. 

 
 

4.10. Patents as a proxy for  innovation 

Patent applications are an outcome of research. R&D spending is an input and can act 

as a proxy measure for innovation. The Global Innovation Index (GII) uses patents and R&D 

spending as indicators for their innovation measures (Dutta et al., 2022a). Trajtenberg (1990) 

states patents are the only objective and observable measure available with a well-grounded 

“claim for universality” to measure innovation. Patent data gives insight into innovation by 

providing comparative data both regionally and temporally (O’Cearbhaill et al. 2019). 

Evidence from the European Patent Office suggests the Medtech industry in Ireland has 

become increasingly innovative (European Patent Office, 2020). Figure 4-16 shows the 

increasing trend of European patents granted to Irish companies. Per head of population, 

Ireland has the 5th highest rate in the world on medical patents, with Ireland behind Switzerland 

and Israel, both of whom have successful device clusters (O’Cearbhaill et al., 2019). 



183  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-16 European patents granted Medical Devices (Source: Author’s own work based on data 

from the European Patent Office, 2020). 
 

 
A search of patent databases globally was completed. The patents were searched for 

the beneficial owner having “Galway” in the address. The International Patent Classification 

(IPC) code for Medical Devices A61 was used. Figure 4-17 shows the increasing trend of 

patent applications involving the Galway cluster. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-17: Global Medical Device Patents with Galway Addresses in Beneficiary Field 

(Source: Author’s own work). 

 
The medical device patents in Galway are mostly associated with the cardiovascular treatments. 

The cell diagram in Figure 4-18 shows the keywords and company that made the patent 
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application. The words are associated with minimally invasive treatments for the vascular 

system. 

 

Figure 4-18 Cell diagram of patents IPC code A61, assignees address is Galway        
(Source Author’s own work) 

 
 

4.11. Concerns with a cluster based on FDI. 

Industrial clusters offer significant benefits but are not a guarantee of economic success. 

Many researchers suggest FDI is not a solution for a nation's competitiveness, nor can it create 

an industrial cluster (De Propris and Driffield, 2006; Phelps, 2008; Porter, 1990; Sultan et al., 

2021). The Michigan car cluster is situated near world-class universities and yet has been 

sliding into decline (Bergman, 2008). Porter argues that Foreign Direct Investment FDI “is 

never a solution to a nation's competitive problems”. De Propris and Driffield  (2006) state that 

although FDI has benefits, it will not stimulate a clustering effect. 

There are concerns that multinationals can damage the communities they invest in. For 

example, Phelps (2008) warns multinationals have hollowed out many nation-states. Sultan et 

al. (2021) warn multinationals to stifle the very innovation that they seek through deep-rooted 

habits impeding creativity. Clancy et al.(2001) argue that Ireland should search for an 

alternative to Porter's model of clusters. 
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4.12. Stickiness of the medical device cluster 

There is a concern that multinationals can quickly leave, and regions can face difficulty 

in anchoring firms and income-generating activities (Markusen, 1996). This has not been the 

case with medical device multinationals established in Ireland. Figure 4-10 shows that most 

employees are employed on sites that were established in Ireland in the 1990s, and the sites 

have now been in place for approximately 30 years. 

As the sites matured some sites became campuses, with multiple manufacturing sites 

and support services. Examples of device manufacturers based in Ireland that have followed 

this growth model are Medtronic, Boston Scientific, Zimmer, Stryker, and Abbott. As the Irish 

site matured, they were involved in proposed acquisitions bringing new business areas to the 

manufacturing sites. The sites have established a reputation for quality and reliability (Walsh, 

2022). 

The exports in the medical device industry continue to grow reaching US$15.09 Billion 

in 2021 as highlighted in Figure 4-19 (United Nations Statistics Division, 2022). The increasing 

value of exports does not indicate firms leaving the cluster. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-19 Medical device exports by year Author’s own work data from UN Comtrade 

(Source: United Nations Statistics Division, 2022) 
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Enright (2000) suggests policies to embed multinationals should focus on investing in 

education, training, infrastructure, and information and attracting firms to fill out  the supporting 

industries of the cluster. Multinationals in a cluster benefit from access to technological 

spillovers and resources. FDI enhances the perception and reputation of a cluster. The 

significant presence of similar industries attracts further FDI (Giblin and Ryan, 2012). Giblin 

and Ryan’s analysis suggests the medical device cluster has become self-reinforcing. 

Multinationals through FDI have created a medical device cluster, the medical device cluster 

attracts other medical device companies. A critical mass of firms is more important than any 

one firm in creating a competitive cluster, hence making the region sticky to FDI (Enright, 

2000). Sticky places are “complex products of multiple forces”; corporate strategy, policy, 

firms’ structure, available capital and supporting infrastructure all have an effect (Markusen, 

1996). 

4.13. Sustainability of Galway medical device cluster. 

Sorenson and Audia (2000) identified that clusters are sustainable due to the increased  

number of startups in the cluster (not due to fewer companies failing). Innovation is recognised  

as being critical to the success of a cluster (Audretsch et al., 2020), (Bell, 2005). Mason, Colin, 

and Brown (2014) identified entrepreneurial recycling as a characteristic of a successful cluster. 

Markusen (1996) identified that clusters can prove to be sticky for FDI. Despite transport and 

communications making it easier than ever for firms to locate anywhere on the globe, 

successful clusters manage to make investments stick and stay in the location. In effect 

successful clusters trap FDI. The Galway cluster has several characteristics that suggest it is 

sustainable. Table 4-18 lists the characteristics associated with the sustainability of a cluster. 

 
Table 4-18 Characteristics of successful cluster and presence in Galway cluster            

(Source Author’s own work) 
 

Characteristic Present in the Galway cluster 

High level of start-ups compared to other 

locations. 

Yes, Galway has a factor of 10 more medical 

device start-ups compared to the average in 

Ireland. 

Entrepreneurial recycling Yes, entrepreneurs have created multiple 

startups. 
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Increasing innovation Yes, as measured by patents in the cluster. 

FDI being sticky Yes, firms stayed 30-plus years, and matured 

to become campus-based enterprises with 

more than manufacturing as part of their 

responsibilities. 

 

 
4.14. Framework for  The Galway Medical Device Cluster 

As discussed, the Regional Entrepreneurship Acceleration Program (REAP) developed 

by MIT is the lens to the ecosystem that will be viewed in this research thesis. The REAP model 

has three key concepts, the ecosystem, the capacities of the ecosystem and its stakeholders 

(Budden and Murray, 2019). Figure 4-20 shows the ecosystem model represented with a web 

of connections between the stakeholders. The author selected the REAP model for the 

following reasons: 

�x A broad range of stakeholders is considered and specifically identified in the model. 

�x The model is designed to be used as a regional tool. 

�x The model has been widely used to create strategies for regions. 

�x The model's focus is based on improving the Eco-system to improve the outcomes of 

companies. 

�x Innovation and entrepreneurial activities are seen as critical to the success of the 

ecosystem. 

�x Innovation Driven Enterprises (IDEs) are seen as critical stakeholders and key to the 

health of the ecosystem (Aulet and Murray, 2013). Medical device start-ups match the 

criteria of an IDE. 

 
During interviews with stakeholders in the ecosystem, the difficulty of clinical access 

was raised by multiple participants. This was a recurring theme and identified as being 

important. The difficulty  of getting approval for clinical trials is recognised (IPHA, 2021). As 

a result of the importance of clinical access for the medical device industry, it was added as a 

stakeholder to the ecosystem model. Innovation and a thriving ecosystem depend on 

relationships and social networks between firms and organisations (Chandler and Saxenian, 

1995). Marshall (1890) stated that in an industrial cluster, knowledge and ideas spread ‘in the 

air’. Using Marshall’s metaphor of ideas spreading in the air the researcher has placed a cloud 

in the center of the eco-system. The cloud is recognising that social networks are bound together 
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informally with no one really in charge. The model of the ecosystem used in the thesis is in 

Figure 4-20. The complexity of the ecosystem becomes clear when individual companies and 

actors are added to the Eco-system (Figure 4-20). 

The REAP model does not explicitly show the cluster's reputation as a factor in the 

cluster’s health. The reputation of the cluster is an important factor in its success. New 

companies establish in a cluster because they believe it  is a cluster. Many clusters actively give 

a brand to the cluster. For example, San Diego has called itself “Bio-Tech Beach” (Cooke, 

2005). A cluster of Irish companies that provide solutions to aerospace has branded themselves 

Emerald Aero. Reputation can be important in attracting investment. For example, Cardiac 

Booster, a startup from Holland, established a site in Galway to be part of the medical device 

Ecosystem based on its reputation (Dort, 2023). 



189  

 

Figure 4-20 Key Stakeholders in the Medical Device Ecosystem (Source: Budden and Murray, 
2022). 

Figure 4-21 captures the interactions of actors that created the medical device cluster. 

Multinationals through FDI initiated the medical device cluster in a location with no history of 

medical devices. Multinational employees gained expertise and left their employers to create 

start-up companies. The startups created differentiated products that encouraged multinationals 

to purchase the startups therefore increasing FDI in the cluster. The multinationals needed 

skilled employees. Universities adapted courses to meet the demands of multinationals. The 

availability of skilled labour made the cluster an attractive location for further FDI investment. 

Entrepreneurs who created the startups identified the potential of copying the Bio-innovate 

program. The Bio-innovate program created new start-ups (1 in 8 medical device startups in 

Ireland) (O’Halloran, 2023). The entrepreneurs who have successfully sold startups re-invested 

and mentored new startups. The startup's requirement for funding attracted venture capitalists 

to the ecosystem, improving the availability of risk capital. The availability of risk capital 
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enables new startups (Roddy, 2022). Government policies and actions have supported these 

self-reinforcing virtuous circles. 

 
 

Figure 4-21 Interaction Between Actors in the MedTech Cluster (Source: Author’s own work). 
 
 

The virtuous circles of improving cluster capabilities are nonlinear in nature. Once the 

capabilities of a cluster develop beyond a threshold capability growth and positive outcomes 

can increase rapidly. Figure 4-22 shows the inflection point that can occur when a cluster’s 

capabilities reach a threshold point. The employment growth and the growth of start-ups in the 

Galway cluster both display threshold effects. Productivity gains occur due to spatial 

concentration and supporting capabilities (Cameron and Hoover, 1972; Krugman, 1991). 

Figure 4-23 shows some of the key actors in the cluster. 
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Figure 4-22 Capabilities reaching threshold point (Source: Author’s own work). 
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Figure 4-23 Key Stakeholders of the Ecosystem Visually Represented (Source: Author's own work). 



151  

4.15. Strategic Options 

The strategic options for key stakeholders in the cluster are summarised in this section. 

The key stakeholders considered are entrepreneurs, multinationals and the coordination of the 

cluster. 

For the multinational the strategic options for businesses to compete can be simplified  

to a single choice cost competitiveness or differentiation (Lafley and Martin, 2019). 

The strategy requires choices to be made by the manufacturing site. If the site is to gain 

a competitive advantage through a low-cost strategy, then it  is at risk from lower-cost locations 

within a multinational’s list of sites. The cost reductions must stay ahead of price erosion in 

the product category they compete in. A low-cost strategy necessitates low overheads, careful 

management of headcount, and minimising spending. Figure 4-24 shows the strategic options 

for a manufacturing site. 

 

Figure 4-24 Focus on low-cost v differentiated strategy ( Source: Lafley and Martin, 2019) 
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A low-cost strategy effectively prevents the site from moving up the value chain and 

attracting additional responsibilities to the site. To increase the remit of the site and expand its 

responsibilities it’s recommended to “Over hire” and have capacity available (Walsh, 2021). 

In a low-cost strategy, there will always be a lower-cost region that multinationals can move 

to. Costa Rica has successfully attracted many of the same multinational companies to their 

shores (Bamber and Gereffi, 2013). Porter (1996) argues that a cost-reduction strategy rarely 

provides a competitive advantage. The computer industry is an example of an industry that 

failed to stick, it largely left Ireland and moved to Asian countries in the 1990s (Egeraat and 

Jacobson, 2004), (Barry and Van Egeraatt, 2008). In a differentiated strategy, the focus is on 

the site developing new capabilities that cannot be replicated easily. Differentiated products 

enable the creation of new markets with little competition (Goodney et al., 2009) (Saber et al., 

2019). The differentiation needs to also be aligned with the local cluster and national policies. 

A region can differentiate itself with, for example, tax policies, management of intellectual 

property, and education strategies. It is the combination of the firm’s strategy and local and 

national environment that can create a differentiated competitive position. Higher-order 

advanced factors that enable differentiated strategy usually require a sustained investment over 

time (Porter, 1990). The worst strategic error is to be stuck in the middle (Porter, 1990 ) 

Multinational sites in high labour-cost regions face a dilemma. They must reduce costs 

to ensure their site remains competitive as the sales price of today’s products inevitably reduces. 

At the same time, the site must introduce new differentiated products that will provide long-

term commercial success. 

A strategic response for a site needs to include more than operational excellence. 

Excellence can reduce costs on site and help it become highly efficient. If the site is 

manufacturing commodity products in which the selling price continually declines this results 

in a slow long-term decline as shown in Figure 4-25. In Figure 4-11 we show a progression for 

sites moving up the value change and competing in areas where labour costs are less important. 

At the start of the maturity model when a site is an implementor and strategic direction is set 

externally the site focus will be on “doing things right”. The site needs to develop and 

demonstrate its capabilities before it  can progress up the maturity model. One interviewee when 

discussing a recently established Irish site stated: “They keep coming up with ideas, they do not 

realise they cannot keep trying to change the larger organisation” [P16]. As the site’s 

capabilities grow it progresses up the maturity model. The site becomes a safe location with 

low risk and a reputation for delivering within its remit (Walsh, 2022) see Figure 4-11. For 

manufacturing sites, the sites are less likely to have a product recall or manufacturing issue. 
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Being in a medical device cluster helps sites progress rapidly along the site maturity model. 

Progression is sped up due to network effects and enhanced social interactions (Harrison, 

2007). Firms in the Galway cluster can exploit collective knowledge aided by the direct 

observation of competitors and peers (Bottazzi et al., 2008). This moves the site to the top right 

square in Figure 4-25 where they are effective and efficient. It  is difficult  for sites that are not in 

a cluster to replicate the progress made by a location in a mature cluster. Manufacturing sites in 

the Galway cluster should make a deliberate effort to integrate with the cluster and maximise 

the benefits of being in a cluster. Part of a multinational site strategy should be assessing where 

they are in the maturity model, and what capabilities are required to progress. Based on the 

required capabilities the local cluster should be used to network and develop the capabilities. 

 

Figure 4-25 Efficiency / Effectiveness matrix (Source; Adapted from Hines et al., 2008) 
 

 
A need large multinational medical device companies have is disruptive innovation 

(Chatterji, 2009). In effect, multinationals have outsourced much of their R&D to start-ups 

(Lynn et al., 2019). Small and medium firms are twice as likely to launch a disruptive 

innovation in the market (Bamber and Gereffi, 2013). A key value-added strategy for sites in 

the Galway cluster is to collaborate with start-ups that have the potential to develop 

differentiated products. Being in a cluster also improves collaboration with universities. 
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Cluster-based discoveries in academia are of higher quality and are more applied than in 

academic settings that are not part of a cluster (Bikard and Marx, 2020). Multinationals in the 

Galway cluster have the opportunity to develop faster and gain access to market-disruptive 

products and academic research that is not available to firms outside the cluster. 

 
 

4.16. Cost reduction strategies. 

Medical device manufacturers in Ireland attempt to maintain cost-effectiveness through 

enterprise excellence programs. The use of Lean tools in the Irish MedTech cluster is 

widespread and improves competitiveness (Trubetskaya et al., 2022). All 19 Med-tech 

companies in the Trubetskaya et al. study were actively using lean tools and systems. 

The widespread use and effectiveness of Lean tools can be demonstrated through global 

recognition of operational excellence. In the years 2011 to 2021, medical device companies in 

Ireland won more Shingo prizes per head of population than any other country in the world 

(Shingo Institute, 2022) (Table 4-19). 

 
Table 4-19 Shingo prizes awarded to Medical Device companies per country 2011 – 2021. 

(Source: Author’s own work based on data from Shingo Institute, 2022). 
 

Shingo 
prize won 
(Medical 

companies) 

Population 
M 

Prizes per 
million 

population 

Ireland 6 5 1.20 
Costa Rica 3 5.094 0.59 
Lithuania 1 2.79 0.36 
Denmark 1 5.831 0.17 
Israel 1 9.2 0.11 
Mexico 9 128.9 0.07 
USA 14 329 0.04 
Canada 1 38 0.03 
Germany 1 83.24 0.01 

 
Continuous improvement as part of an enterprise excellence program can improve 

profitability, but it is not normally sufficient (Porter, 1996). Porter gives two reasons for this: 

1) The rapid diffusion of best practices. Competitors can quickly copy best 
practices. 
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2) Competitive convergence. Rivals imitate one another’s improvements. 

Often using the same suppliers and outsourcing to the same third 

parties. 

 
Medical device multinationals have manufacturing sites globally, some in low-cost locations. 

Medtronic, Boston Scientific, Baxter, Abbott and Zimmer all have manufacturing sites in Costa 

Rica (Lo, 2018). Ireland’s labour costs are average for the euro area but are almost 5 times 

those of a low-cost location, for example, Bulgaria (Eurostat, 2021). Operational excellence is 

critical for a site to establish its basic capabilities. To thrive and offer competitive advantages 

that are difficult to replicate, the site should expand its network and connectedness in the 

cluster. When site maturity is low, enterprise excellence is a “great way for the site to improve 

its systems and capabilities” [P16]. 

 
 

4.17. Entrepreneur/startup innovation and product strategy. 

 
Start-ups are forced to seek new market-disrupting medical devices. Innovation can be 

divided into three types (Christensen and Raynor, 2003; Cote, 2022): 

1) Sustaining innovation where the current multinationals create better products typically 

targeting higher prices and its current key customers. This strategy will fail for startups, 

there is no evidence of incumbent medical device manufacturers being displaced by 

start-ups with incremental improvements. One interviewee stated “Start-ups must 

address an unmet clinical need. There cannot be a competitor established in the target 

market. You cannot beat Medtronic” [P8]. 

2) Low-end disruption: A low-cost medical device is introduced to win market share. The 

incumbent firms exit the market to focus on high-end products with better margins. 

Undifferentiated products, where customers cannot identify features between devices 

that are of value to them, result in a commodity market in which the lowest cost wins. 

3) New market disruption, the company creates a new segment which did not exist before. 

In this scenario, the startup provides a new therapeutic treatment for patients who do 

not have an alternative. An example of a device targeted at an unserved market is the 

Transcatheter Aortic Valve Implantation (TAVI). The valve was used for patients that 

are too ill to have open heart surgery, this represented 30% of patients and created a 

new market segment. Initially, the overall market grows and current devices are not 
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affected by the new entrant. It  is much later that incumbent firms are affected by 

declining sales. 

 
Schumpeter’s “creative destruction” is very different from the innovation present in new 

market disruption (Schumpeter, 1942, ���O�H�G�]�L�N, 2013). New market disruption creates new 

markets without destroying the currently existing markets. This makes the start-up non-

threatening to incumbent firms, enabling them to establish sales without incumbent firms 

responding (Christensen and Raynor, 2003). 

Incumbent firms in the Galway medical device cluster established with market-

disrupting products. Medtronic produced the world’s first pacemaker, treating patients with no 

alternative. Boston Scientific established minimally invasive devices enabling Percutaneous 

Coronary Intervention (PCI) as an alternative to Coronary Artery Bypass Graft (CABG). Figure 

4-26 shows the trends in CABG and PCI procedures in the United Kingdom (Bhatnagar et al., 

2016). For the first decade after PCI was introduced CABG procedures continued to increase, 

it was only after a significant surge in PCI use in 2004 that CABG declined. During this period 

deaths from cardiovascular disease reduced by 68%. The pattern is typical of market disruption, 

the new device creates a new market, targeting what Christensen (1997) calls non- consumption. 

New entrants typically grow the overall market, it is much later that incumbent firms identify 

the threat from the new market entrant. 

 

Figure 4-26 CABG and PCI procedures in the United Kingdom new market disruption in action: 
(Source: Bhatnagar et al., 2016) 
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4.18. Measures of Innovation 

Innovation is defined by the World Intellectual Property Organisation (WIPO) as “a 

new or improved product or process (or a combination thereof) that differs significantly from 

the unit’s previous products or processes and that has been made available to potential users 

(product) or brought into use by the unit (process)” (Lanvin et al., 2020). Innovation matters, 

it is the key driver of productivity and competitiveness (Simmie, 2004). It can also solve key 

issues facing society by providing solutions to “wicked problems” (Kao, 2007). Schumpeter 

(1942) argued, “carrying out innovation is the only function which is fundamental in history”. 

It has been calculated that 85% of growth is attributed to innovation (Rosenberg, 2004). 

Krugman (1994) argues that a country's standard of living depends on productivity, i.e. 

raising the output per worker. He stated, "A nation’s productivity is not everything, but in the 

long run, it is everything that matters”. It has been a source of concern globally that real 

productivity growth has been declining since the 1970s, dropping from an average of 3.8% 

(1950 to 1973) to 1.2% from 2010 to 2021(Dutta et al., 2022b), resulting in a lost Gross 

Domestic Product (GDP) of 78%. 

Is it suitable for industrial clusters to use standard international measures of cluster 

activity? For example, the Global Innovation Index (GII) measures innovation at a national 

level rather than in detail. 

The Global Innovation Index (GII) tracks and ranks innovation in 132 economies, 

highlighting its strengths and weaknesses at a national level. The GII tries to identify a nation’s 

innovation strengths and weaknesses (Dutta et al., 2022b). Measuring innovation is difficult, 

with claims that innovation measurement is in its infancy (Schramm et al., 2008). Edquist and 

Zabala-Iturriagagoitia (2015) argue that EU measures of innovation are flawed, resulting in 

incorrect rankings. 

The GII score is calculated from the average of the sub-index innovation inputs and 

innovation outputs. There are 5 input (enabler) pillars: Institutions, Human and Capital 

research, Infrastructure, Market sophistication, and Business sophistication. The output index 

has 2 sub pillars: Creative outputs, Knowledge and Technology. Each pillar has 3 sub pillars 

see Figure 4-27. 



158  

 

Figure 4-27 Structure of GII Pillars and sub pillars (Source: Authors' own derivation) 
 
 

Innovation is critical, so having the best measure and creating a strategy based on it is 

important globally. Despite the importance of measuring innovation, it is difficult to measure 

(Hagedoorn and Cloodt, 2003), and measures tend to ignore small firms (de Jong and Marsili, 

2006). It has been argued that the measures that matter are outcomes and the efficiency that 

inputs are turned into those outcomes (Edquist and Zabala-Iturriagagoitia, 2015). 

 

4.19. The Global Innovation Index Trend 

Although Ireland’s GII  ranking fell from 7th globally in 2016 to 23rd in 2022, the method 

inaccurately measures several key statistics for Ireland. Ireland's Gross Domestic Product 

(GDP) is disconnected from economic activity carried out in Ireland (United Nations Statistics 

Division, 2022). GDP adds the total value of goods and services produced in the domestic 

economy and does not differentiate if a domestic or foreign firm produced the goods. It is a 

standard measure of economic activity. Transactions of a few firms distort the GDP and make 

Ireland appear much wealthier than it is (Honohan, 2021), (FitzGerald, 2023). Alternative 

measures for economic activity include Gross National Product (GNP) and Gross National 

Income (GNI). GNP is similar to GDP but it excludes net factor income. Net factor income 

takes into account money coming from abroad and excludes money leaving Ireland such as 

profits of multinationals being repatriated abroad. GNI is similar to GNP except subsidies 

received from the EU and taxes paid to the EU are removed. For most countries the values of 

GDP, GNP and GNI are similar. In Ireland, there is a significant difference; for example, in 2021, 

GDP was 1.95 times larger than GNI (Parliamentary Budget Office, 2023). Figure 4-28 shows 
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the relative differences between GDP, GNP and GNI. 

 

Figure 4-28 Differences in measures of Ireland's economic activity (Source: Authors own  

work based on data from Parliamentary Budget Office, 2023) 

GDP (or a proxy measure) is used in 35 of the 80 indicators to calculate the GII  measure. 

In 32 of the 35 measures, the innovation score is negatively impacted by using GDP as the 

indicator. For example, general infrastructure is partially measured by "Gross capital 

formation" as a % GDP. Ireland scores behind Israel and Sweden by this measure. When GNP 

was used, Ireland's score increased from 20.8 to 29.7, and it is ahead of the other countries on 

that measure (Calculated by the author based on data from Dutta et al. (2022a) and the United 

Nations Statistics Division(2022). 

 

As Ireland’s GDP has increased, its GII score has decreased. If improving innovation 

as measured by the GII score benefited productivity and GDP, we would expect to see the 

opposite trend. Figure 4-29 shows the trend of GII  and GDP for the years 2015 to 2022. Figure 

4-30 show GDP and GII as a scatter plot. The trend is clear as GDP increases, the GII score 

decreases. 
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Figure 4-29 GII  and GDP Measures Over Time (Source: Author’s own work). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-30 GII measure plotted against increasing GDP PPP $B ( Source: Author’s own work) 

 
 

 
 

 

 

 
 

 

 

 
 

 
 

 

  
 

 

 
 

         

Ireland GDP PPP $ B 

G
II 

M
ea

su
re

 

GII Score v GDP 
  

  

 
 

 
 

 
 

 

 

  
        

 

Innovation Score GDP PPP $ B 

G
II 

S
co

re 

G
D

P
, P

P
P C

on
st

an
t 
2

0
1

7
 In

te
rn

at
io

na
l 

$ 
B 



161  

4.20. GII Comparison of Countries 

Sweden, Israel, and Costa Rica were selected as a comparison as the countries have 

similar populations to Ireland and have a medical device industry. Sweden is in the European 

Union (EU), and Israel is outside the EU. Costa Rica is also outside the EU and the only country 

not classified as high-income by GII. 

Sweden is ranked third in the world for innovation in 2022 and consistently performs 

well on the innovation index. Table 4-20 summarises the innovation scores and economic 

statistics. Note Purchasing Power Parities (PPP$) is used to equalise measures based on 

purchasing power between countries enabling a direct comparison. For Ireland there is a 29% 

difference between GDP and GNP. Sweden and Israel had difference of approximately 3%. 

 
Table 4-20 Comparison of countries, Innovation, and key statistics (Source: Author’s own 

work) 
 

 Innovation Population GDP, PPP$ GNP, PPP$ GDP per 
rank (mn) (bn)(Trading (bn)*  capita, 

2022(Dutta  Economics, (Trading PPP$ 
et al.,  2022) Economics, (Trading 

2022b)   2022) Economics, 
    2022) 

Sweden 3 10.2 610 636.3 57,425 
Israel 16 8.8 422 412.6 44,966 
Ireland 23 5.0 562 399.5 111,360 
Costa Rica 68 5.1 64 112 21,592 

 
In contrast to Sweden, Ireland’s innovation ranking has steadily declined from seventh- 

placed globally in 2015 to 23rd in 2022. Ireland scored highly in institutional measures but is 

behind the Swedish ranking in all other categories based on the GII measures 2022. Ireland 

scored particularly poorly in market sophistication. Figure 4-31 plots the GII scores for each 

pillar. Companies in the Galway cluster sell to a global market from initiation therefore a 

national market sophistication measure is irrelevant. 
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Figure 4-31 GII relative scoring of Sweden, Israel, Ireland and Costa Rica (Source: Author’s 
own work) 

Table 4-21 lists the sub-pillars used in the GII. The institutions' sub-pillar is the only 

pillar that does not use GDP as a measurement input. This is the only measure where Ireland is 

ranked ahead of Sweden and Israel. The box plot in Figure 4-32 summarises the ranking of data 

indicators that use GDP and those that do not. 

 
Table 4-21 GII indicators and what measures use GDP as an input (Source: Author’s own work) 

 

GII  Sub Pillars Number 
of 
indicators 

Number of 
indicators 
GDP used 

Institutions 7 0 
Human capital and research 12 3 
Infrastructure 10 3 
Market sophistication 9 5 
Business sophistication 15 9 
Knowledge and technology 14 9 
Creative outputs 13 6 
Total 80 35 
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Figure 4-32 Box plot GII ranking Ireland 2022 indicators that use GDP V Indicators that do 

not. A lower ranking is better (Source: Author’s own work). 

 
 

The mean ranking for an indicator that uses GDP is 41.45, and the rankings that do not 

use GDP are less at 26.59 (Note that no weighting of indicators is used). The World 

Competitiveness Center ranks the Irish economy as the second most competitive globally (Bris 

et al., 2023). For the competitiveness measures, GDP has a positive correlation to the measure. 

Ireland’s Innovation score is negatively impacted due to GDP distorting the measure. 

 
 

4.21. Measures for a Cluster Conclusion 

The GII  is not suitable for measuring the innovation of a cluster. For the Galway 

medical device cluster, there are three significant reasons why the measure is unsuitable: 

1) For Ireland, the GII  is particularly misleading as the GDP figures distort any insights 

the GII measure provides. 

2) Most of the GII  measures have poor alignment with factors that are important to the 

cluster’s success. Some measures in the GII are no longer relevant for the cluster, 
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for example, electricity output per million people or GDP per unit of energy use. 

For a medical device company in the Galway cluster if the electricity is reliable a 

measure of consumption per million people is irrelevant. 

3) Measures of a national scale do not give insight into a sector-specific cluster that is 

tightly geographically contained. 

 

Table 4-22 lists factors from GII and assesses their suitability to measure innovation in 

a cluster. The final column assesses the alignment of the measure for a cluster. For example, 

if the author judges the alignment to be poor, the GII is not a useful measure of the cluster. It 

is only on one of the 8 factors considered that the GII is assessed as good. 7 of the 8 measures 

alignment with cluster performance is assessed to be poor or fair. This is a concern as 

recommendations and reports for innovation strategies are based on the data despite its 

limitations (Casey and Hardy, 2023). 

Patents filed are a good proxy for research and innovation (Hagedoorn and Cloodt, 

2003), but the measure is lagging. As measured by the number of meetups and collaborations, 

the current culture is a useful forward-looking measure (Feld, 2020). Having a cluster strategy 

and plan is another useful forward-looking measure. The Boulder thesis recommends that the 

cluster be led by entrepreneurs (Feld, 2020), although Isenberg (2014) argues that no one 

controls or leads a cluster. The bolder thesis has proven successful, and there should be an 

active attempt to create a cluster-specific strategy that entrepreneurs lead. A Scandinavian 

cluster Medicon Valley has used measures that are focused on the cluster. The measures include 

the number of companies, number of beacon companies (greater than 250 employees), number 

of jobs, publications, and patents (Steenberg, 2022). 

 
Table 4-22 Assessing the suitability of GII measures for innovation in a cluster source. 

(Source: Author’s own work) 
 

Factors Global innovation index Cluster Alignment  

Human Capital General 
education/Researchers/ 
Graduates science/ 
engineering 

Staff availability. Specific 
industry knowledge. 
Courses supporting 
industry, e.g. Bio-medical. 

Fair  
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Funding VC investment, finance for 
start-ups/ deals completed 

Availability of funding. Good 
 

Factors Global innovation index Cluster Alignment 

Infrastructure ICT/ Electricity/ logistics Specific requirements, 
clinical access/ animal 
laboratories 

Poor 

Demand /Market Home / Local Global Poor 

Scale / Location National Local 5 km square Poor 

Industry All,  with a focus on Hi-tech Specific niche industry Poor 

Culture and 
Incentives 

Creative arts, Mutual Support/ mentors Poor 

Knowledge Number of patents, technical 
articles, export complexity 

Industrial specific. How to 
knowledge, business, 
contacts, Ability to create 
patents. Know-how and 
know-who. 

Fair 

 

 
In chapter two, the typical characteristics of a cluster are listed. The characteristics of a 

cluster provide an opportunity to measure the cluster’s health and progress. Table 4-23 lists 

typical characteristics of a cluster and suggests measures of the characteristics. 

 
Table 4-23 Characteristic of a cluster and proposed measures (Source: Author’s own work). 

 
 Characteristic Suggested measure 

1 The available pool of skilled labour. Number of full-time employees 
2 Good job matching between employees 

and employers. IE the employee has a job 
they like and are productive at. 

N/A 

3 Collaborative culture/sharing of ideas. The number of events/training that 
enable idea sharing. 

4 Third-level institutions produce highly 
cited papers on the same topic as the 
cluster. 

The number of life science 
publications. 

5 Proximity: Cluster members are spatially 
close to each other. 

Maintain a map of companies to 
physically identify clustering. 

6 Cluster identify: Clusters often have a 
strong brand or identity associated with 
them. 

Is there a formal brand for the 
cluster? Yes / No 
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7 Significant Incumbent firms or FDI to 
sustain the cluster. 

Number of firms. 

8 High level of entrepreneurship, startups, 
and high quality of startups. 

The number of start-ups. 

9 High innovation is demonstrated through 
high rates of patenting. 

Number of patents 

10 Availability of funding and venture capital. Value of life science investments. 



167  

4.22. Contrasting the Galway cluster with  existing clusters 

The Galway cluster was initiated through FDI. This is very different from traditional 

clusters of Silicon Valley, Route 128, Tuttlingen in Germany, Medicon Valley and Medical 

Alley in Massachusetts. Despite starting from very different origins the Galway medical device 

cluster has evolved to have many similar characteristics. Table 4-24 lists the characteristics of 

the Galway cluster based on a summary of chapter 4. 

 
Table 4-24 Characteristics of the Galway Medical device cluster (Source: Author’s own work)  
 

 Characteristic Galway Medical device cluster 

1 Products Initial focus on minimally invasive cardiovascular devices. 

Startups expanding treatments offered. 

New multinationals have also expanded treatments. Examples 

include Zimmer manufacturing orthopaedics and Dexcom 

building diabetic diagnostics. 

2 Scale The majority of companies fit  within a 5km square based around 

Galway city. 

New multinationals to the cluster have expanded further out. For 

example Dexcom is based in Athenry, approximately 24km from 

the core of the cluster. 

3 R&D spend Measures available nationally 2.8% of revenue spent on R&D. 

Established multinationals in Galway cluster have extensive 

R&D. Both Medtronic and Boston Scientific have significant 

R&D teams of approximately 500 people. 

4 Innovation As measured by patents granted Galway cluster has a significant 

increase in innovation. 

5 Type of 

innovation 

present. 

Start-ups focus on market disrupting innovation that grows the 

total market and improves outcomes for patients. 

FDI mostly builds on incremental innovation, note the 

incremental innovation can be radical in nature. 

6 Stickiness of 

cluster 

Location proving sticky with key multinationals have locations 

for 30 plus years. 
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7 Capabilities Investment has reached a threshold point where cluster is now 

generating new startups continually. FDI sites in cluster are 

maturing and reaching critical mass 

8 Culture Highly collaborative 

9 Demand Global markets. 

Growing 5% per year. 

10 Human capital Multinationals provided specialist training. 

Academic institutions introduce new courses to provide 

employees for the industry. 

Apprenticeship scheme at early stages. 

11 Academic 

institutions 

Adapted and introduced courses to meet head count 

requirements 

Provided incubators for new startups. 

Provided specialist assistance, for example assistance with laser 

cutting. 

Bio-innovate accelerated start up culture for medical devices. 

12 Infrastructure Missing important infrastructure for clinical work, animal labs. 

Traffic and local infrastructure are an increasing issue. 

13 Risk capital Grants and incentives are excellent by international standards. 

VC funding has significantly improved, but nationally less than 

20% of USA rates. 

Medical devices require €30m plus over 5 to 9 years. 

14 Reputation Positive reputation internationally. No effort to brand or promote 

based on reputation. 

No cluster specific logo, advertising or brand. 

15 History FDI initiated cluster 

Common linage of companies 

Recent cluster in comparison to indigenously grown clusters for 

example Tuttlingen in Germany. 

16 Time for 

companies to 

launch 

Typically, 5 to 9 years due to regulatory environment. 

Low risk products can be launched faster. If there is a predicate 

device a special 510k process can enable a device to be released 
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 commercial 

products. 

in the USA with FDA agreeing to approve within 180 days and 

will not require clinical studies. 

 
Although established clusters can start in different ways, they have evolved to include 

many similar stakeholders. In the case of Medical Alley, the presence of risk capital and access 

to clinical settings enabled Medtronic to seed a cluster that rapidly expanded (Emeritus, 2024; 

Rhees, 2009). Zimmer Biomet was established in Warsaw, Indiana and did not have the easy 

access to risk capital and clinical (Zimmer Biomet, 2023) . A medical device cluster was not 

established around Zimmer to the scale of the Medical Alley cluster with 200,000 employees 

(Emeritus, 2024). Table 4-25 compares the Galway medical device cluster to other clusters 

globally. 
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Table 4-25 Comparison of Galway cluster with other clusters (Source: Author’s own work). 
 

 Galway 

(McKernan and 

McDermott, 2024b) 

Tuttlingen 

(Beck, 2021; Halder, 

2002; Kelly, 2017; 

König, 2023) 

Mauritius 

(Auty, 2017; 

LEFÈVRE, 2023; 

Mauritius, 2023) 

Medical Alley 

Minnesota 

(Emeritus, 2024; 

Rhees, 2009) 

Silicon Valley 

(Eser, 2024) 

Established ~ 2000 17th Century 2015 1984 1956 

Specialism Medical Devices, 

minimally  invasive 

medical devices. 

Surgical instruments Catheters surgical 

masks and protective 

equipment. 

 High Technology 

Physical scale of 

cluster 

10km 5 km 10km  20km 

Number Employed  8000 1600 200,000 330,000 

Number of 

Companies 

 400 25 600 2000 

Organisation 

representing cluster 

Med Tech Ireland Medical Mountain Government Medical Alley No single 

organisation 

represents it. 
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4.23. Determinants of Competitive Advantage and Theoretical Framework 

Porter’s diamond is well established and used to explain why nations and industries 

gain competitive advantages (Porter, 1990). It’s been argued in small open economies like 

Ireland it may not be possible to develop “broad and deep clusters” (Clancy et al., 2001). 

Porter’s model suggests significant local demand is desirable to stimulate competition among 

firms. Ireland is an example where the demand is global, hence the local demand is 

unimportant. In Israel, most medical device companies are startups with relatively little 

manufacturing and supporting industry (Breznitz, 2013). The Israel diamond therefore has a 

very weak related and supporting industry for the manufacture of medical devices but is highly 

successful. 

Advanced factor conditions include skilled labour. Ireland has the highest rate of 

Science, Technology, Engineering and Mathematics (STEM) graduates in the EU (Central 

Statistics Office, 2022). More than half (53.1%) of people aged 25-34 in Ireland had a third- 

level qualification in 2018, well above the EU average of 38.5%. Firms in the cluster compete 

in global markets. Local rivalry in the cluster is mostly a competitive race to hire staff [P11]. 

Multinationals in the cluster's biggest rival are lower-cost sites within their network [P3]. Porter 

argues it’s important to have strong competition and rivalry among firms to encourage 

innovation and improve the competitiveness of the cluster. Startups are a vital part of providing 

differentiated innovation and hence improving the competitiveness of the cluster. 

Participants in the interviews identified problems in supporting industries. Lead time 

on specialist materials has delayed projects by up to 14 months. Fluoropolymers are an example 

of a material shortage that has delayed new product development. Capacity for sterilization was 

also raised by participants as a concern that delayed their projects. These capacity and storage 

shortages are examples of issues that caused delays. Delays in new product development 

directly translate to reduced innovation. The pharmaceutical industry is an example of how 

supporting industry has been a significant help in the growth of the cluster. For example, a 

major medical device multinational was selecting the location for drug-coated stent 

manufacturing. Galway won the selection process based on the good availability of staff with 

pharmaceutical experience. This is directly the result of a significant local pharmaceutical 

industry. Table 4-26 summarises findings using the theoretical framework. 
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Table 4-26 Theoretical Framework Populated with Summary of Findings 
(Source: Author’s own work) 

 

 Themes 

Actors Human 
Capital 

Funding Infrastructure Demand Culture and 
incentives 

Entrepreneur Mostly comes 
from 
multinationals 
or other 
startups. 

Requires 
significant 
capital, in the 
range of 
€30m to 
€90m. 

Access to 
clinical trials 
is a major 
missing part 
of the 
infrastructure. 

Unmet 
clinical 
needs are 
the key 
demand 
start-ups 
try to 
meet. 

Highly 
collaborative. 
Strong 
relationships 
in the 
industry. 

Risk capital 

 

EI Largest 
VC in the 
EU. 
Improving 
availability. 

Improved 
access to 
funds. 

Responds 
to 
demand 
for 
funding 
from 
startups. 

 

Industry Multinationals 
provide 
specialist 
skills, know- 
how and 
know-who. 

Introduces 
funds by 
buying start- 
ups. 

Constraints in 
supporting 
infrastructure, 
specialist 
materials and 
sterilisation. 

Global 
markets, 
demand 
from USA 
and EU. 

Collaborative 
in the cluster 

Government Provides 
funding. 
Creates 
policy. 

EI Largest 
VC in the 
EU. 

Tax policy- 
hinders 
recycling of 
entrepreneurs 

Funds 
specialists 
infrastructure 
(Bio 
Innovate, I 
Hubs). 

 Policies 
establish 
incentives 
and culture. 

Academic 
Institutions 

Generates 
Human 
Capital. 

Responds 
with specialist 
courses. 

Seeks funding Provides 
specialist 
infrastructure. 
Research 
institutions e.g. 
CURAM, 

 Measured on 
publications/ 
patents. 
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4.24. Government policy 

Government agencies have supported clustering policies since Porter’s publications in 

the 1990s (Thornton, 2023). The white paper on enterprise 2022-2030 states the policy is to 

use the “cluster landscape to sustain and develop competitive advantage”. After 30 years of a 

clustering policy, we could expect a mature policy that has delivered measurable results. 

Government policy documents highlight there is no working definition of a cluster or if  clusters 

should be industry-specific (Hobbs et al., 2022). The lack of definition or specific goal for the 

cluster policy makes progress difficult to measure. A report by the Cluster Research Network 

(CRN) describes the lack of definition and criteria as a state of confusion (Hobbs et al., 2022). 

Ireland has been slow to create practical policy tools to leverage clusters. 45 self-identifying 

cluster organisations have received government funding. These organisations are typically 

small, with low membership, a large geographic remit, and a staff of 1 (Thornton, 2023). 

Successful clusters typically have hundreds of members while some self-identified clusters 

have less than 10 members (Hobbs et al., 2022). Table 4-27 summarises the characteristics of 

cluster organisations established to implement policy. 

 
Table 4-27 Cluster organisations and their characterization (Source: Author’s own work adapted 

from Thornton, 2023) 
 

Percentage Characteristic 

89% Established less than 5 years 

47% National or all Island remit 

52% Membership less than 25 firms 

63% Staffed by 1 person. 

 
The clustering policy document for Northern Ireland identifies 5 sectors to focus on. A 

factor of 10 increase in economic performance is the policies’ bold objective (Dodds, 2021). 

The policy documents do not have a strategy for building from the current industrial strengths, 

which is recognised as a best practice (Budden and Murray, 2019). The 10x economy lacks a 

specific implementation strategy. Government agencies can damage the clustering effect by 

attempting to spread new industries to disadvantaged areas. The Welsh Assembly report (LE 

Wales, 2007) actively encourages spreading investment to regions despite knowing the need to 

have a critical mass of industry in close proximity. A UK policy document, “Clustering in the 

new economy”, is very specific in recommendations. Its recommendations are made based on 

the assumption that clusters are spatially contained, and distance reduces the clustering benefits. 
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Specific recommendations include policy on land use and the provision of office space. For 

successful clusters, it is recommended FDI are treated as anchors for other interventions such 

as regeneration (Evans, 2023). The report considered a cluster as having a minimum of 15 firms 

subject to a maximum distance threshold of 250 meters. The definition provides specificity to 

clustering. The standard definition of a cluster “geographic concentrations of interconnected 

companies and institutions in a particular field” by Porter (1990) is broad, lacking specific rules 

of what is counted as part of the cluster. 

Strategy and policy can make a difference. Purposeful government action helped 

Mauritius gain a foothold in the garment industry and then create a medical device industry 

(Cassidy et al., 2009). A spiral of growth is created when capable knowledge actors congregate 

(Cooke, 2005) however current policy is diluting the potential benefits of clustering. The Galway 

cluster is an example of the threshold effect enabling rapid growth once a critical mass is 

reached. 

 
 

4.25. Conclusion 

This research section sets out to present the characteristics of the Galway medical 

device cluster, and contrast it with other clusters. It has been found that the cluster has started 

through FDI investment, which is very different than the clusters that Porter (1998) identified. 

The Galway cluster has evolved to have many similar characteristics to successful clusters 

studied in the literature. Innovation in the medical device industry has not produced the waves 

of ‘creative destruction’ that Schumpeter (1942) predicts. This has resulted in large established 

firms being significantly more stable than similar-sized firms in other industries. Government 

policies are important in the establishment of clusters. A critical mass of firms is required to 

reach a threshold level that enables the improved performance associated with clusters. 

Chapter 5 will present the recommendations for the cluster. 
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5. Discussion and Conclusion 

Since Marshall (1890) stated, 130 years ago, that knowledge in a cluster spreads “as if 

in the air” , the intangible soft capabilities associated with culture and connections are still 

critical for a cluster’s health. Academic literature has promised the cluster as the solution to a 

nation’s competitive problems (Brosnan et al., 2016; Delgado, Porter, Stern, et al., 2014; 

Harfield, 1998; Porter, 1990) despite the desire to create successful clusters of government 

policies and structures are often counterproductive (Thornton, 2023). 

This chapter makes specific recommendations for the Galway cluster, which is 

structured on the key capabilities of human capital, funding, infrastructure, demand, culture, 

and incentives. The chapter then highlights how the Galway cluster contradicts significant 

bodies of academic literature, and explains why Schumpeter’s (1942) long-established view of 

creative destruction is missing from the cluster and the medical device industry. 

5.1. Introduction 

The Medical Device industry in Ireland was seeded by multinationals that were 

established in Ireland in the 1990s, and are still dominated by them today (de Freine et al., 2023, 

Brazys and Regan, 2021). The industry has experienced continual growth with over €15 billion 

in exports. The MedTech manufacturing sites have matured and gained expertise increasing 

their remit beyond manufacturing (Walsh, 2021). Several sites have expanded into multisite 

campuses and have global responsibilities. However, the Irish Medtech industry is focused on 

a narrow base; 75% of exports come from cardiovascular and orthopaedics product categories, 

and medical devices face a continual decline in global selling prices. More stringent regulatory 

changes in the EU mean it will now take longer to get approval for the marketing of new 

medical devices in Europe. Many Medical Device companies have adopted a ‘launch in the 

USA first’  policy. The Irish MedTech multinationals need a long-term strategy to survive 

collapsing prices. A potential strategy could be to ensure more innovation by launching 

differentiated products which could provide a long-term strategy. Although multinationals 

spend significantly on R&D, they struggle to implement differentiated innovation. R&D 

spending as a proportion of exports is considerably less than the average for the medical devices 

sector. Medical device companies generally focus on their original therapeutic area, and despite 

spending significant funds on research, in the majority of cases they fail to enter new 

therapeutic sectors. 
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The long-term health of a cluster is dependent on a high rate of startups. Galway has a 

medical device start-up rate that is 10 times the national average per head of population. The 

Galway cluster was initiated when two direct medical device competitors established sites 

within walking distance from each other. The clustering effect takes place in a small geographic 

area, for example, most startups fit within a 5km square in Galway city centre. 

A series of virtuous cycles has sustained the cluster. For example, multinationals have 

improved the skills of staff, staff were able to create their own startups, and indigenous startups 

have attracted multinationals to buy them. This further embedded the multinationals in Ireland. 

The funds enabled the founders of the startups to create new start-ups and repeat the cycle. 

Government policies have encouraged virtuous cycles, too. For example, due to a lack of 

venture capital (VC), EI started to provide funding and is now the largest VC in the EU 

(Enterprise Ireland, 2022). 

Startups in medical devices have long development cycles, typically 9 years, and need 

funding of €30 to €90m. National measures of innovation are a poor indicator of innovation in 

a cluster and should not be used to determine strategy. The cluster is thriving according to many 

indicators; for example, an increasing rate of patents indicates the cluster is highly innovative. 

The cluster is incomplete, when applying the criteria of Porter’s model of a cluster, due to, for 

example, lacking a home market, and having a lower level of R&D spend than the average for 

the industry. 

This research aimed to identify an effective strategy for the Irish medical device cluster. 

Based on the quantitative and qualitative analysis of the industry it concludes that firms must 

compete using innovation to implement a differentiated site and product strategy. Due to the 

innovator’s dilemma, multinationals in the medical device industry find a differentiated strategy 

difficult  to implement. Being based in a dynamic cluster with medical device startups can help 

solve the dilemma. In effect, differentiated innovation is realised by startups, with 

multinationals providing incremental improvements. 

 
 

5.2. Recommendations for  the Galway Medtech cluster by thematic area 

The researcher has grouped specific recommendations for the Galway cluster by theme. 

These recommendations are based on the semi-structured interviews, literature review, and 

Delphi technique. The recommendations are summarized in the tables below. 
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5.3. Human Capital 

Table 5-1 Recommendations, Human Capital (Source: Author’s own work) 
 

Issue Recommendation 

Demand for labour is greater than supply. Continue reviewing education courses and 
add specialist courses as required. 
Support specific upskilling of the industry to 
reduce skills gaps. 

It is expensive to get advice from experts 
in legal, intellectual property, clinical and 
regulatory. 

Have a fixed panel of experts who will 
advise start-ups in the cluster. 

Equity stakes being sought from universities 
can be a significant barrier to firms. 

Ireland is competitive internationally on the 
returns universities seek for IP. The charges 
should be transparent to companies. 
Universities should not seek to maximize 
revenue from IP; their goal should be to 
ensure that the IP is used commercially. 

 
 

 

 
 

 
5.4. Funding 

Table 5-2 Recommendations Funding (Source: Authors own) 
 

Issue Recommendation 

Initial valuations by EI overvalue 
companies and make later rounds of funding 
difficult. 

EI has now changed 

EI demand preference shares that attract a 
coupon of 6%. 

EI has now changed the policy and no 
longer requests a coupon on the shares. 

Shortage of seed funding. For example, 
Israel has much higher VC rates. Ireland's 
VC investment rate is 20% that of the USA 
and 25% of Estonia’s. 

Create a national fund. Encourage tax 
incentives for people to invest their money. 
The money would be focused on seed 
funding. 

Tax treatment of shares and ESOPs are a 
significantly negative incentive for 
entrepreneurial activity. 

Change tax rules on shares so tax is due 
only when shares are sold, and funds are 
received. This will encourage 
entrepreneurial recycling. 
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5.5. Demand 

Table 5-3 Recommendations Demand (Source: Authors Own) 
 

Issue Recommendation 

Small home market. Continue-born global strategy for startups. 
The priority market will normally be the 
USA due to its size and relative ease of 
access. 

Long lead time from concept to approval of 
new products. 

Class I  products have a shorter regulatory 
pathway and can provide faster market 
access. 
Disruptive innovation occurs beyond the 
regulatory reach of the regulator. Startups 
should consider products or services that 
are not classified as medical devices. 

There are capacity constraints in providing 
materials and services for the industry. 
Examples of constraints shared by 
interviewees are sterilisation services and 
specialists’ materials, for example, high- 
performance polymers (Polyimide) causing 
constraints in subcontract manufacturing. 

Identify strategic suppliers not in the region. 
These suppliers can be targeted to move to 
the region. 

Difficult to bring new products to market 
due to regulatory requirements. Results in 
unmet clinical needs, late bedside patient 
access, and a less competitive market. 

Lobby to change regulations to mimic the 
approach used in the USA. The FDA 
accelerates approval for innovative De 
Novo products. Establish a formal alliance 
to lobby that includes local regulatory 
bodies. 

Although the medical device market is 
growing the average selling price for 
devices reduces annually. 

Firms in the cluster need to constantly 
renew their portfolio with differentiated 
products that attract a premium. (Vibrant 
start-up ecosystem required for success). 

Incumbent firms will retreat from truly 
disruptive medical devices enabling startups 
to gain a foothold. 

Startups should assess unmet clinical needs 
to position the product combined with 
service in a manner that is disruptive to 
incumbents. If the product directly competes 
with the incumbent, then the startup should 
position the business to be sold to an 

                            incumbent.  
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5.6. Infrastructure  

Table 5-4 Recommendations Infrastructure (Source: Author’s own work) 
 

Issue Recommendation 

Poor access to complete clinical trials 
locally. 

Establish clinical infrastructure and policies 
to support. This includes physical space, 
dedicated personnel, specialist centres, 
standard systems, and expectations. The 
Institute of Clinical Trials has started in 
Galway. This is an excellent start. 
Recommend that the Institute has a 
facilitator role to map the process from the 
perspective of startups, multinationals, and 
patients. 

No facility to conduct large animal trials. Establish a lab capable of animal studies. 
Combined with a veterinary college, it 
would be ideal. 

The cluster is missing accelerator programs 
that are common in the USA 
and Israel. 

Copy working methods of successful 
accelerators in the USA, for example, J-labs 
or Northwell. 

Capacity is restricted. There is not enough 
physical space to facilitate start-ups. 

Increase investment in facilities that are 
shown to work, e.g. I hubs Galway, Bio 
Innovate, and similar facilities in Ireland. 
These can evolve to be full accelerators. 

Ireland's R&D is underdeveloped; the 
potential for an extra €750m spent 

The actions above on clinical trials would 
help attract more R&D capacity to the 
region. Accelerators would also help start- 
ups develop 

University funding was reduced by 35% 
from 2008 to 2018. 

Universities are traditionally central to a 
Western innovation ecosystem. Universities 
need to be funded well to get world-class 

                            results.  

 
Current weaknesses in the medical device cluster can also be viewed as opportunities for 

growth. The lack of clinical access or animal trials in the cluster make it possible for the cluster 

to become world class in alternatives, for example In Vitro techniques. There is evidence of 

expertise of in vitro techniques beginning, for example, with Duffy et al., (2017) who have 

developed a blood clot analogue that can be used for In Vitro testing of medical devices. 
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5.7. Culture and Incentives 

Table 5-5 Recommendations Culture and Incentives (Source: Author’s own 
work). 

 

Issue Recommendation 

Underdeveloped identity of Galway Hub. 
Need to build a reputation for excellence. 

Brand and establish identity. Choose a name 
for the region that captures the cluster's 
vision. Establish the expected behaviour of 
collaboration and cooperation. 
The branding should include a physical icon 
that can be pictured and shared on 

Significant funds are spent on research in 
universities. Seek to have translational 
research to turn it into commercial 
opportunities. 

Use programs like SPARK, as used at 
Stanford, for translational work. This guides 
research to be more applicable and results in 
better research. 

It's been shown that there is more 
commercial success and a doubling of 
spinouts if  the inventor can access IP for 
free (Hvide et al., 2016). 

Offer free licenses to the inventor of IP in 
Universities if used within 2 years. 

NDAs (Non-Disclosure Agreements) restrict 
the permeability of the university. 

Reduce restrictions on NDAs and have no 
limitation on contacting or hiring staff from 
the university in NDA. 

No aligned strategy for the future direction 
of the cluster. 

Develop an aligned vision for the future 
state of the cluster. For example, it is the 
best location in Europe to develop and 
manufacture medical devices. The aligned 
vision will enable coordinated actions to 

                            deliver a strategy.  
 

 
5.8. Implications for theory 

The findings of the thesis disagree with a substantial body of current academic work. 

Porter’s (1990) book, The Competitive Advantage of Nations, is seen as a seminal work 

(Rosenfeld, 2001). Given that the Galway medical device cluster is highly successful, it is valid 

to use it as a comparison to Porter-style clusters. Porter (1990) and Phelps (2008) both state 

that FDI will not generate a sustainable cluster. De Propris and Driffield  (2006) state inward 

investment will not stimulate a clustering effect. This research demonstrates FDI can initiate 

and sustain an industrial cluster. In Galway’s medical device cluster, FDI seeded the cluster 

and triggered a wave of innovation through startups. 
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The classic Western model of cluster development proposed by Etzkowitz and Zhou 

(2018) and Miller and Acs (2017), claiming ecosystems are typically created by world-class 

research institutes, is shown to be only one viable model. Although universities provided 

important support to the cluster, they did not initiate the Galway medical device cluster as 

proposed in the Triple Helix model. The Tuttlingen and Mauritius clusters are other examples 

that show the Triple Helix proposed by Etzkowitz and Zhou (2018) is not widely applicable to 

all clusters. The Carayannis and Campbell (2009) Quadruple Helix and the Carayannis et al., 

(2012) Quintuple Helix are models built upon the same soft sand of the Triple Helix and are 

therefore not applicable to many clusters. The decline of the Michigan automobile cluster, 

despite its proximity to the best publicly funded US research institutions, shows that nearby 

world-class research institutions do not explain the clustering effect (Bergman, 2008). 

Porter’s diamond model provides a framework represented with four points of a 

diamond that determine competitive advantage: factor conditions, related supporting industries, 

demand conditions, and firm strategy, structure, and rivalry. These combine to establish the 

competitive position of a cluster. The researcher demonstrates that, in a small open economy, 

some portions of the diamond can be external to the cluster. For example, in Ireland’s case, the 

demand is external to the nation. Porter (1990) states that vigorous domestic rivalry is essential 

for a cluster’s competitive success, but as Ireland’s market is small, it  lacks this vigorous 

domestic rivalry. The Galway cluster is an example of a successful and competitive cluster, 

despite not having all the elements of the Porter diamond, which aligns with arguments made by 

Fainshmidt et al. (2016). This research has shown that Porter’s diamond model is not ideal for 

assessing a cluster, as the model focuses on the national level of competitiveness and not all of 

its elements are present in the Galway cluster. This supports the work by Bellak and Weiss (1993) 

and Rugman and D’Cruz (1993) that the diamond model is not suitable for small open 

economies. 

Clusters provide a competitive advantage to nations and regions. Although many 

discussions highlight the national competitive advantages of clusters, this research shows 

clusters are contained in a small geographic region (Evans, 2023). Distance and gravity matter. 

Having similar industries close together generates benefits that decline as the distance increases 

(Ferretti et al., 2022). In the case of the Galway cluster, most firms fit in a square with 5km 

sides (McKernan & McDermott, 2024b). The research supports the Rosenthal and Strange 

(2003) findings that the advantages of a cluster attenuate with distance and are measurable in 

the real world with distances as little as two to five miles. The example of Galway is not 

unusual; even Silicon Valley is concentrated in a few hot spots with collaboration firms that 
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are often in the same street or building (Guzman & Stern, 2015). Porter (1990) states the nation 

provides an environment that enables firms to improve and innovate, and focuses on the nation 

as the key differentiator for providing a competitive advantage. The research shows that the 

nation does provide the overall environment, but to understand why clusters are established and 

successful or what interventions are required, a much smaller geographic space must be 

considered. In the case of the Galway cluster, there are several layers to its environment; for 

example, regulations of devices are set at the EU and global layer, tax is an example of the 

national layer, and the specifics of an individual cluster should be studied at a local level of an 

individual town or city. The research supports Porter’s assertion that the competitive advantage 

is defined in narrow industrial segments (Porter, 1990). 

It is estimated that 80% of the profits in the medical device industry come from products 

launched in the last 5 years (Frost and Sullivan, 2006). In this dynamic market, we could expect 

to see “waves of creative destruction” impacting the industry, with incumbent firms replaced 

by new up-and-coming start-ups (Schumpeter, 1942). The Schumpeterian view of innovation 

is missing from the medical device industry and from the Galway cluster. Schumpeter’s model 

of innovation and entrepreneurship is a well-established theory, but medical device companies 

are remarkably resilient. The research shows that new medical devices grow the overall market. 

New competitors do not primarily compete with incumbents; they create new market segments 

and establish a blue ocean strategy that makes the competition irrelevant (Kim and Mauborgne, 

2015). This research gave TAVI  and PCI as examples of new medical devices that have treated 

patients that previously had no treatment option. Both treatments created new markets and 

growth that did not initially take any market share from incumbent companies. The research 

has also shown that established medical device companies, despite significant R&D spend, are 

entrenched in the same market segment they were established in. The long-established 

Schumpeterian model of destructive innovation has little relevance in the medical devices 

industry. Start-ups in the Galway cluster all search for an unmet clinical need enabling a new 

market disruption (O’Halloran, 2023). 

Christensen’s (1997) work on the innovator’s dilemma explains why it is difficult for 

incumbent firms that are profitable and successful to enter alternative unestablished markets. 

This research has demonstrated that established medical device companies have become 

entrapped by the innovator’s dilemma. It strongly supports Christensen’s (1997) model of 

innovation, and explains why Sultan et al. (2021) argue that multinationals are “choking 

innovation”. Multinationals buy their market disrupting innovation, which is, in effect, their 

solution to the innovator’s dilemma. 
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Many pivotal researchers have highlighted the importance of location, factor 

conditions, investment, transport and education systems (Etzkowitz and Leydesdorff, 1995;  

Krugman, 1991; Porter, 1990; PRED, 1966; Sinclair, 1967). This research agrees with these 

findings but has highlighted the importance of individual entrepreneurs, culture, and a region’s 

ability to attract people to create and sustain the success of the cluster. This research shows how 

firms in the Galway cluster have a common lineage encouraging an open and collaborative 

culture (McKernan and McDermott, 2024a). It agrees with Stephens et al. (2019) findings that 

social and institutional connectiveness is essential to supporting and maintaining the cluster. 

Soft infrastructure is critical to attracting and maintaining human capital (Gertler, 2004). Cities 

with a rich and vibrant arts and culture scene help in creating a highly innovative cluster 

(Florida, 2014). The semi-structured interviews conducted in this research highlighted the 

importance of “socializing through informal activities” , and chance meetings provide the 

opportunity for collaboration (Dorfman, 1983). Feld’s (2020) Boulder thesis proposes 

a practical philosophy to create a collaborative culture. The research brings us back to Marshall 

(1890), who highlighted that the success of a cluster was due to knowledge spreading as if “in 

the air”. 

 
 

5.9. Implications for policy 

The cluster is affected by policies at the global, EU, national and local levels. USA 

government policy is the most important global influence. Changes in the regulation of medical 

devices have resulted in the Galway cluster having a ‘launch in the USA first’  strategy 

(McKernan and McDermott, 2024a). 

EU regulations of medical devices have resulted in a significant loss of competitiveness 

for the Galway medical device cluster. It has been shown that clusters, such as, for example, the 

Munich biopharmaceuticals cluster, have been created due to favourable regulations (Kaiser, 

2003). Recent changes in the EU regulations result in increased costs, longer timelines to 

develop products, less medical devices on the EU market and late bedside access for patients 

(McKernan and McDermott, 2024a). 

Key policies at a national level that affect the cluster include tax, FDI strategy, 

intellectual property rules, and clinical trials rules. The recycling of entrepreneurs is a critical 

part of a cluster’s health (Mason and Brown, 2014). The current capital gains tax is a barrier to 

entrepreneurial recycling. For example, startups are often purchased with stage payments that 

are dependent on performance objectives, and  all tax is payable at the purchase based on the 

share value. Performance measures are commonly missed and despite paying tax on the 
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initial valuation only a fraction of the initial value is paid to the entrepreneur. The treatment of 

share options should be adjusted to make it easier for companies to attract staff. Tax is currently 

paid at the granting of shares rather than when they are sold. 

Government agencies should avoid dispersing FDI thinly across the country, as this 

prevents cluster formation (Phelps, 2008). Clustering similar companies in close geographic 

proximity creates a critical mass that enables a virtuous cycle of growth (Cooke, 2005). The 

clustering effect is nonlinear, and a minimum threshold is required to ignite its benefits and 

further embed the FDI investment (Enright, 2000). Productivity gains occur due to spatial 

concentration and supporting capabilities (Cameron and Hoover, 1972, Krugman, 1991). 

Employment density is the biggest predictor of new cluster formation, as success attracts 

success (Evans, 2023). Ireland and the Galway cluster are particularly reliant on USA 

multinationals (de Freine et al., 2023; Brazys and Regan, 2021). Clustering is the best strategy 

to make the location sticky and stop the “wild geese from migrating” (Cassidy et al., 2009). 

At the national level, current government policy for clusters is confused and lacks 

direction (Hobbs et al., 2022). This lack of direction has resulted in 45 organisations working 

to develop clusters with no definition of what a cluster is. The organisations lack critical mass 

and stability, as demonstrated by a typical staff of one and an average age of less than five years 

(Thornton, 2023). 

Due to the clustering effect decaying with distance (Tartari et al., 2021; Ferretti et al., 

2022; Ganguli et al., 2020; Rosenthal and Strange, 2003), cluster organisations should focus 

on specific industrial segments in a defined geographic region. For example, medical device 

companies in Galway City focused on cardiovascular treatments. Efforts should be made to grow 

from existing clusters rather than create new ones (Evans, 2023). 

A useful start to policy is an agreed definition of a cluster. Evans (2023) proposed a 

definition of a cluster as a minimum of 15 related firms, subject to a maximum distance of 250 

meters (note that the specific distance can be adapted). As the availability of a deep pool of 

skilled labour is the most important requirement for site selection, the cluster geography should 

be limited to approximately one hour’s travel from the core city or town where the cluster is 

focused. This definition should be used to identify clusters and their geographic location. 

Improved transport and being part of multinational supply chains increase the clustering effect. 

Government-sponsored cluster organisations should be identifying the needs of the 

cluster, as dictated by their responsibilities. Government agencies can facilitate firms in the 

cluster to identify common issues and materials that negatively impact the cluster. Potential 

suppliers’ materials and services that the cluster needs can be identified and targeted. These 
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targeted firms should be attracted to the clusters to help “fill it out”  (Enright, 2000). Attracting  

firms to form a cluster requires a coordinated, multi-annual strategy. An example of coordination 

could be strategically placing students from the cluster in target firms as part of work 

placements. This will give the target firm access to staff, which they identify as the most 

important factor for site selection. If target firms require a specialist building, planning 

permission for that type of building should be sought in advance of the firm deciding to move 

to Ireland. 

Government clustering groups should be cross-functional, with all stakeholders 

represented but led by entrepreneurs (Feld, 2020). 

Traffic jams in effect increase the distance between locations. Managing traffic is 

essential to increasing the potential scale of a successful cluster. Most clustering occurs in small 

economic centres with strong transport links (Evans, 2023). For the Galway medical device 

cluster, a second bridge linking the city and improved public transport is required. A more direct 

connection between the main medical device centres would also help. A cycle / pathway could 

connect the centres of Parkmore and Ballybrit. See Figure 5-1 for a possible route that would 

reduce the distance to travel between the Medtech centres by 2 km. 

 

Figure 5-1 Galway medical device cluster with possible cycle way (Shown in green) between 

Parkmore and Ballybrit (Source: Author’s own work). 

Multinationals typically spend between 7.5 to 15% on R&D. In general, they fail to 

deliver differentiated products (Chatterji, 2009). By transferring some of the R&D spending to 

investing in the ecosystem, which is possible with a dedicated start-up accelerator partner, they 
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have the potential to access differentiated innovation from startup instigation. Multinationals 

based in the Galway cluster are aware of the need to develop their capabilities and increase the 

remit of the site (Ryan & Giblin, 2012). Being embedded in the local cluster gives the 

multinational the best opportunity to add value to the overall corporation and competent 

success against low-cost alternative sites in the corporation’s network. 

Informal communication is critical to clusters (Sorenson and Audia, 2000). The policy 

should deliberately encourage opportunities for communication. Enabling coffee shops near or 

part of clusters provides opportunities for informal communications. Current measures for 

innovation such as the GII are misleading. 

Reputation matters in attracting new companies to a cluster. For key clusters, a 

deliberate effort should be made to brand the cluster and build the reputation. Branding and 

building the cluster’s reputation increases the odds of attracting investment and achieving 

synergy from it (Rosenfeld, 2001). Figure 5-2 shows possible branding options. I t is 

recommended that a physical artwork is placed near Parkmore. This would enable its image to 

be used in selfies, providing free advertising. 

 

Figure 5-2 Possible branding ideas for the cluster (Source: Power, 2023) 
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5.10. Limitations  of this research 

Participants volunteered to take part in the semi-structured interviews. Efforts were 

made to ensure all stakeholders in the cluster were represented. There is a risk that the 

participants’ views are non-representative as they are people who were prepared to give up their 

time. Efforts were made to limit the impact of sample bias using databases to confirm 

assumptions. The number of interviewees stopped at 16. The relatively small sample size was 

another limitation of the work. Responses from interviewees were in alignment with each other 

and the quantitative data, so the data was saturated; thus, the sample size was deemed adequate. 

The research was conducted specifically on a medical device cluster in Ireland. This means 

conclusions may not apply to other industries. Accuracy of data in databases created by the 

author was difficult to capture and confirm. For example, employee numbers were often 

obtained from news releases on company web pages. Participants in interviews stated 

companies deliberately understated employment levels. 

This research is based on industry in a cluster. It is unlikely to be applicable to resource-

based industries that cannot physically cluster. Agriculture, for example, is limited in its ability 

to physically cluster as its productivity is based on land use. 

 
 

5.11. Further  work 

A key conclusion of the thesis is that a differentiated strategy is most suitable for 

medical device firms in the cluster. This strategy will also help sustain and grow the cluster. A 

constant supply of new products is required to replace older products, as their sales price makes 

the manufacture in relatively high-cost locations uneconomic. Patents are a useful measure of 

innovation. The thesis reviewed the number of patents from Galway firms. More detailed 

research on trends in patents would be useful. The relationships between patents are useful for 

identifying collaboration between companies and institutions. Similar clusters could be 

compared based on patents. This could identify potential gaps in cluster research. 

The research has focused on the Galway medical device cluster and compared it to 

successful clusters across the globe. It would be useful to consider clusters that were not 

successfully established. A high technology telecommunications/electronics industry came and 

largely left Ireland without establishing a sustainable cluster. Researching the reasons why 

clusters did not form may provide valuable insights to clustering theory. 
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The research quickly focused on the Galway cluster, as data indicated that it had a high 

startup rate. A follow-on mapping exercise for supporting industries would be useful. The 

author suspects supporting industries have a wider geographical spread. Investigating if 

supporting industries in a cluster have a wider geographic spread could give some insights into 

the development of clusters, and how economic benefits can be spread to wider regions. 

It is recommended that a cluster should be defined as having a minimum of 15 firms, 

with a maximum distance of 250 meters separating them. Plotting industries that meet this 

criterion would provide insights into the number and types of clusters in Ireland. 

Government policy is not aligned with published theory on clusters. Some of the policy 

documents have been written by academics, but their recommendations are not aligned to 

cluster theory. A study of why policy and theory are misaligned could provide good practice 

for the development of policy. 

For medical devices, non-consumption means that patients cannot be treated. 

Regulatory frameworks can delay new product launches, which is the case for TAVI  in the USA, 

for example. Research to correlate how late bedside access to products can result in negative 

impacts on patients would be useful in assessing the suitability of regulatory pathways for 

medical devices. 

The findings of this thesis will be disseminated to key stakeholders. The conclusions 

are being shared and reviewed with IDA, Enterprise Ireland and Irish Medtech. The intent is to 

directly influence clustering policy in Ireland, branding for the cluster, and metrics to measure 

the health of the cluster. 

 
 

5.12. Implications for the cluster 

The researcher has argued throughout this work that the clustering effect can provide a 

sustainable competitive advantage that is difficult for other regions to copy. Supportive 

government strategies have helped capture the benefits of FDI and kick-start a series of local 

medical device companies. The common lineage between many firms and close geographic 

placement of the companies has led to a collaborative culture enabling information to be shared 

“in the air”. 

Although there is no leader or master designer when examining the cluster, clusters can 

be shaped, and their direction changed. The thesis supports Porter’s assertion that it is the rate 

of improvement and the creation of advanced factors that determines the success of a cluster. 

Mauritius is an excellent example of how clusters can be created through deliberate effort. The 
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rate of startups and innovation trends are a very positive indicator for the Galway cluster. 
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Although not all measures of health are positive, the rates of VC and R&D spending are low by 

international norms. The thesis is relevant to real-world policy. Resources should not be 

dissipated across a nation. FDI should be encouraged in regions where there is some clustering 

effect already. Current government policy for clustering lacks focus and strategic direction. 

There should be fewer cluster organisations, with greater scale and a geographic and sector- 

specific remit. At the same time, efforts should be made to improve the health of the ecosystem, 

and should involve representative stakeholders. Entrepreneurs should be represented, and their 

views should be given extra weight. 

Clusters are hot beds of entrepreneurial activity delivering competitive advantage to 

firms in the cluster. The advantages are delivered through people. Actively creating and 

managing an open and collaborative culture is essential for a successful cluster. 
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Appendix A 
 

 
Participant 
Number 

Role Stakeholder 
Represented 

Experience Comments 

P1 Professor of 
Engineering 

University 30 Years + Also established several companies 
(non-medical devices). 

P2 Leadership role 
in Technology 
transfer office 

University 20 years + University innovation hub 

P3 Executive Multinational 30 Years + American multinational 
P4 Business 

Consultant life 
sciences 

Government 30 Years + Innovation Hub funding 

P5 Early-stage 
Entrepreneur 

Start-up 15 Years Start-up medical device company 

P6 Founder / CEO Entrepreneur 30 years + Multiple spins out successfully raised 
several million in funding and the 
current CEO. 

P7 Founder / CEO Entrepreneur 30 Years + Founder and successfully sold a 
medical device company. 

P8 Engineer University 5 Years Recently graduated with PhD from 
Science Foundation Ireland “Cúram” 
research group. 

P9 CEO / Founder Entrepreneur 30 Years + Management buyout software company 
for connected medical devices. 

P10 CEO / Founder Entrepreneur 30 years 
plus 

Founder and investor in med tech 
companies. 

P11 Director of 
Research and 
Development 

Multinational 30 years 
plus 

Multisite role 

P12 Director of 
Research and 
Development 

Multinational 20 Years Successful start-up now owned by 
Multinational 

P13 VP Scientific 
Affairs 

Clinical 30 Years Worked in several multinationals 
internationally. 

P14 Chief Financial 
Officer 

Funding 30 Years Organised funding rounds for 3 start- 
ups 

P15 Business 
Manager, 
Research Centre 

University 20 Years Research centre based in the university. 

P16 Chief 
Technology 
Officer 

Entrepreneur 35 years + Serial Entrepreneur. Successfully 
started and sold multiple start-ups. 
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Appendix B 

List of major medical device companies established in Ireland (Authors work). 
 

Company Employees Established 
in Ireland 

Head 
Quartered 

Device/ 
Pharma / 
support / Not 
applicable 

Trulife 413 1963 Ireland 
Drug 
Delivery 

BD 450 1964 USA Diabetic care 

BD Drogheda 150 1964 USA Diabetic care 

Siemens 600 1966 Germany IVD 

BD Dun Laoghaire 350 1969 USA 
Drug 
Delivery 

Stryker 639 1972 USA Orthopaedic 

Stryker  1972 USA Orthopaedic 

Stryker Cork Innovation 
centre 

  
1972 

 
USA 

 
Orthopaedic 

Stryker Cork AMagine 
Institute 

  
1972 

 
USA 

 
Orthopaedic 

Stryker Cork  1972 USA Orthopaedic 

Baxter Castlebar 1,000 1972 USA 
Drug 
Delivery 

Wright Medical 201 1972 USA Orthopaedic 

Essilor 350 1973 France Ophthalmic 

Charles River 230 1974 USA Support 

Abbott Nutrition Ltd 300 1975 USA Devices 

Abbott Laboratories 43 1975 USA Support 

Hollister 984 1976 USA Devices 

Baxter Swinford 600 1977 USA Devices 

Teleflex 300 1979 USA Vascular 

Creganna Medical 603 1979 Ireland Vascular 

Nypro Bray 634 1980 USA Devices 

Bausch and Lomb 
Ireland 

 
1500 

 
1980 

 
Canada 

 
Ophthalmic 

Amcor 64 1980 Australia Support 

Randox 115 1982 UK Diagnostics 

B Braun Medical 56 1983 Germany Devices 

B.Braun Hospicare Ltd 1200 1984 Germany Devices 

Teleflex 724 1985 USA Support 
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Natus Nicolet 200 1989 USA Diagnostics 

Bio-Medical Research 72 1989 Ireland Devices 

Medtronic Mervue 600 1990 USA Respiratory 

Abbott Ireland Nutrition 
Division SERVICE 

 
300 

 
1990 

 
USA 

 
Devices 

Icon Plc 1,000 1990 IRL Support 

Alere International 205 1991 USA Diagnostics 

Alcon 413 1991 Swiss Ophthalmic 

Wyeth Nutritional’s 
Ireland 

 
1000 

 
1992 

 
USA 

 
Nutrcian 

Wyeth Nutritional’s 
Ireland 

 
605 

 
1992 

 
USA 

 
Nutrcian 

Trinity Biotech 579 1992 Ireland Diagnostics 

ArcRoyal 200 1992 Ireland Devices 

Mallinckrodt 
Pharmaceuticals 

 
3,289 

 
1993 

 
USA 

 
Devices 

Cook Ireland 970 1993 USA Vascular 

Boston Scientific 
Galway 

 
4,500 

 
1994 

 
USA 

 
Vascular 

 
Abbott Diagnostic             

    

      
                    
300 

 
1994 

 
USA 

 
Diagnostics 

Transitions Optical 335 1994 USA Ophthalmic 

Merit Medical 903 1994 USA Vascular 

Integer Holdings 750 1994 USA Vascular 

BD Enniscorthy 450 1996 USA Vascular 

Zeus Packaging 358 1996 Ireland Support 

Vision care 900 1996 USA Ophthalmic 

Waters Celtic 788 1997 USA Diagnostics 

DePuy Synthes 575 1997 USA Orthopaedic 

Adhesives Research 65 1997 USA Devices 

Boston Scientific 
Clonmel 

 
1,000 

 
1998 

 
USA 

 
Vascular 

Boston Scientific Cork 
Ltd 

 
1,000 

 
1998 

 
USA 

 
Vascular 

Abbott Ireland Vascular 900 1998 USA Vascular 

Stryker 1,361 1998 USA Orthopaedic 
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Medtronic plc  1999 USA Vascular 

Medtronic Parkmore 4500 1999 USA Vascular 

Medtronic Athlone 500 2000 USA Respiratory 

Penn Engineering 206 2001 USA Support 

 
Eurofins Biopharma 

 
299 

 
2003 

Luxembour 
g 

 
Devices 

Goodman Medical 187 2004 Japan Vascular 

Abbott Ireland 900 2005 USA Diagnostic 

Abbott Diabetes Care 300 2006 USA Diabetic care 

Abbott Laboratories  2006 USA Diagnostics 

Liberty Medical Services 50 2007 Ireland Support 

Zimmer Orthopaedics 750 2008 USA Orthopaedic 

Abbott Medical Optics 350 2009 USA Ophthalmic 

Medtronic City west 100 2010 USA Vascular 

Nypro Waterford 300 2010 USA Devices 

Abbvie 950 2013 USA Devices 

BD Limerick 200 2017 USA Devices 
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Appendix C Results of the Delphi technique 
 

  Round 2  Round 3 
  Inter Quartile 

Range 
   Inter Quartile 

Range 
  

 Question Q1 Q3 IQR Average  Q1 Q3 IQR Average 

 
1 

Funding is a significant barrier to start up 
expansion. 

 
3.75 

 
4.25 

 
0.5 

 
3.59 

 
 

4 
 

4.75 
 

0.75 
 

4.21 

 
2 

Availability of human capital is slowing the 
growth of the cluster.  

 
3.00 

 
5.00 

 
2 

 
3.56 

 
 

4 
 

5 
 

1 
 

4.29 
 

 
3 

Competitiveness is local, and more 
dependent on the local location  than 
national competitiveness factors. 

 

 
2.00 

 

 
4.00 

 

 
2 

 

 
3.02 

  

 
3 

 

 
3.75 

 

 
0.75 

 

 
3.07 

 

 
4 

Firms in the Galway cluster should adopt 
differentiated product strategies that 
service an "unmet" clinical need. 

 

 
3.00 

 

 
5.00 

 

 
2 

 

 
3.35 

  

 
2.25 

 

 
3 

 

 
0.75 

 

 
3.00 

 

 
5 

Clustering of firms in Galway has positively 
impacted the competitiveness of the 
location. 

 

 
2.75 

 

 
4.00 

 

 
1.25 

 

 
3.29 

  

 
4 

 

 
5 

 

 
1 

 

 
4.43 

 

 
6 

Third level institutions have been an 
important  success factor for the Galway 
medical device cluster. 

 

 
3.00 

 

 
5.00 

 

 
2 

 

 
3.98 

  

 
4 

 

 
5 

 

 
1 

 

 
4.21 

 

 
7 

Access to clinical trials and clinical centers 
has been an important  part of the success 
of the Galway medical device cluster. 

 

 
1.00 

 

 
2.25 

 

 
1.25 

 

 
2.34 

  

 
1 

 

 
2 

 

 
1 

 

 
1.57 

 

 
8 

Traffic congestion is a significant local issue 
that negatively effects the local cluster. 

 

 
2.75 

 

 
4.25 

 

 
1.5 

 

 
3.75 

  

 
3 

 

 
4 

 

 
1 

 

 
3.71 
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9 

The reputation  of the cluster is extremely 
important.  

 
3.00 

 
5.00 

 
2 

 
4.00 

 
 

4 
 

5 
 

1 
 

4.14 
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