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“The reasonableman adaptshimself to the world; the unreasonableone
persists in trying to adapt the world to himself. Therefore, all progress
depends on the unreasonable man.”

GeorgeBernardShaw.



Abstract

Purpose& Background: Theresearchaim istodevelopa strategyfortheGalwaymedical
deviceclusterbasedn thevoice of theindustryandacademiditerature.The thesisfocuseson
developing a successful strategy for the medical device cluster in Ireland by studying the
clustets evolution, strengths, weaknesses, opportunities and threatglobally 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). Companiethe Galway medical device
clusterfacethechallengeof a growing marketjowering salespricesandincreasedegulations
(McKernanandMcDermott, 2024a). Medical device firms in Irelasw@ faced witlastrategic
decision ofwhether toredu@ costs taemaincompetitive or find a differentiatedstrategyto
competeFirmshave been shown to congregagether in industrial clusters. These clusters
offer competitive advantages; most innovations, jobs and exports originate in industrial clusters
(Porter, 1996). The thesis investigateslufstering can be part of the competitive strategy for
medical device companies in a higbst location facing declining prices.

Design/Methodology/Approach:The thesicombinesa systematic literature review with
mixed-methods research. A sesyistematic literature review is utilised to revidwe academic
literature relatedto clusters databasesnd statistics with a particular focus onMedTech
clusters,clustertheoryandthelrish Med Techclustersevolution. Qualitativesemistructured
interviews(SSI’s) wereconductedogaininsightsintotheGalwaymedicaldevicecluster.The
Regional Entrepreneurial Accelerator Program (REARps adapted as a theoretical and
practical model in which to analyse the cluster. Themes of human capital, funding, demand,
infrastructureculture andincentivesareusedaspart of aframeworkto analysetheclusterand
make recommendations for the cluster. The Delphi technique was tosedrify the
recommendations.

Findings: A few largemultinationalsdominatethe Medical Deviceindustry. Results
show the majority of the medical device cluster in Ireland is focused in a small geographic
spacecentredin Galway City. The cluster was formed by Foreign Direct Investment (FDI)
mainly from US companies in the 1990s (Ryan &ilin, 2012 McKernan and McDermott,
2024a). The companies havexpanded theiremit and havgrown into campusg¥Valsh,
2021). Startupbavespawnedrom FDI firms, resulting in Galway’s medical device startup

rate being ten times the average for Ireland (Chatterji, 2009).



The clusterhassomepositiveindicators innovation, forexample asmeasuredy patents
granted are steadily increasing, and exports have grown by 50% from 2011 to 2021aréhere
alsosomeconcerngor theclusterRecentthanges EU medicaldeviceregulations have meant
that it now takes longer to launch a product in Europe than in the 1dS$Ae(1990s Europe
wasa fasterlocationin which tolaunchproduct$, andirelandis no longera low-cost country
(McKernanand McDermott, 2024a).

Existing Med Techmultinationalsfind it difficult tointroducetruly differentiateddevices.

Many multinationals, after 100 years, still operate in the same therapeutic area in which they
were foundedEstablished Irish Med Tedirms suffer from the innovatts dilemma, as it has
proven difficult for established profitable firms to create productsfor new categories of medical
devices(Chatterji,2009). FDIfirms overcometheinnovatots dilemma by buying statps

The research has identified several opportunities for improvement in the cluster, for
example petterclinical accessA specificstrategyo improvethehealthof theecosystenmeeds
to be createdand agreed upon byll actors in the ecosystem. Entrepreneurs should be
represented, and their views given extra weight to drive the ctusigransion (Feld2020).

Clusters can be created in many wang,just in the classic Western universignatred
cluster types proposed by the triple helix theory (Hemmert et al, 2019). Clusters, particularly
in small open economies, may lack theterminants 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 cluglr success and health.

Implications: This study has implications for the policy of clusters in genara for
the IrishMedTechclusterin 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 somelustering effectalready inexistence FocusingFDI in clustersgives the best
chanceof a returnon investmentnd leadsto the creationof wider benefitsfor the region
(Rosenthak Strange2003) Governmensponsored supporting infrastructure placed at the
heart of clusters can ensure continued expedited succegsoavith. A strategy for a cluster
needs to be continually reviewethdwhereareasof weaknessreidentified ,actionsshouldbe
takento fill gapsin the supporting infrastructure. Governments should enthatcluster
reviewsdohappen, but entrepreneurs are the key group who should shape asctistitzgy.

Fundamental to the healt a clusteris therecyclingof entrepreneurs.

While manyactionsto improvethe clusteyare local,taxationis an example o#here

national action is requiredTax policies on capital gains discourage entrepreneurs from



reinvesting. Current capital gains tax makes the selling of stagitiyesoverly complexortax
inefficient with entrepreneurpotentiallyfacing effective tax rates of 99%lt is encouraging
that clusters can be created even when there appear to be few favianiainée

FDI in the Galway cluster will seek to add value to their wider multinational
organisations by increasing their remit and moving up the value dfrasstrategy involves
investing in capabilities for the manufacturing sied ovethiring, to ensure thahe site has
capaity forgrowth (Walsh, 2021). Many of the actions required for d $inongterm survival
are directly opposite to a cestitting 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 succelsfurhe rate of improvement of any cluster
determines its longerm success (Porter, 1998). A vision of the idealised future state of the

cluster aids in enabling actions to achieve the clisstature state.
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1. Introduction

1.1. Introduction

Advancedsmall open economiesompetefor global investmentsgainstotherregions
that can often provide better factor conditions, for exa@dsver cost of labour. Researchers
such as Delgado et #2014),Miller and Acs(2017), Porter (1990and Tartari et al2021)
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 econorhiorter, 1990: 149). Ireland has created a
successfumedicaldeviceclusterbasednainly aroundthecity of Galway,initially established
by Foreign Direct Investment (FDI) and encouraged by government policies and
the availability of skilled labour (MKernanand McDermott, 2022).

Despite the importance of the clustering efféoédefinitions of clusters and strategies
to improvea cluster remain poorly defing¥anEgeraat2018). Thisresearch aims 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
backgroundandsituationalcontext, followedoy thescopeof the project,theresearcraim and

objectives, the significance of thieudy and finally the limitations.

1.2. Background and motivation for the study

The researcher has worked in the medical device industoyéoitwenty yearsmainly
in the areas of @erationandManufacturing. This includeaorking on medcal devices such
ascardiovasculastentscritical care,intravenousaccesspain relief and a range of minimally
invasive delivery systemsVithin the sectqrhe has beeresponsibldor strategydevelopment
anddeploymenin manufacturindgacilities in Irelandandinternationally Being anemberof the
boardfor Med Techirelandhas motivatedhe 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). Higheome countries account for 80% of the global spending, with the
USA and EU combined representing 65% of the medical device sector, apemidiing to the
MedTech Alliance for Global Internationalisati(@021).
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The demand for medical devices globally has aided the establishment of a medical
device manufacturing cluster in Ireland. IreladledTech cluster is seen as a significant
success and was initially triggered by foreign direct investment from trd@#nationals in
the1990s(BrazysandRegan2021). Irelandhasthehighestpercentagef peopleemployedin
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, whikthodeof the
globaly manufacturedontactenssaremadein Ireland ,with exportvaluesof €1bn in2020
(Industrial Development Authority, 2022). Ireland is also the world’s largest exporter of
cardiology stents, with export value$€2bnin 2020, andtheworld’s fourthlargestexporter
of artificial joints, withexports of €1.3 bn in 2020. Lastly, 50% of ventilators utilised worldwide
in acute hospitals are Irishade (Industrial Development Authority, 2022)rish Medtech
manufacturing sites have maturadd developed reputationfor operationakexcellenceand
execution(Walsh,2021). Ireland has the highest per capita exports of life sciockictsn
the globe and is the third largest exporter by value behind Germany and Switzesead
Figure 11 (Steenberg, 2022).

Markusen (1996) descrilelreland as a “sticky” locatignwhere medical device
companies have stayeddespite lowerost 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 debatigh one side of the spectrum stating FDI is just
a “satellite platform” that providelimited benefitstothe hosteconomy(Enright, 2000)In this
vein, Phelps (200&tateghat multinationalshave hollowed out many nationstatesThe 30-
yearsucces®f the Irish Medtech cluster from the 1990s to the 2020t withoutfacng
challengesincluding price erosionrelatively long regulatoryapproval times and lowost
locations that are successfully buildingdicaldevices(McKernanandMcDermott,2024a).
Therising costof manufacturing i®f particularconcernto themedicaldeviceindustry,given
the availability ofalternativelow-costlocationssuch as Costa Rica and Penamdvialaysia
(Vickova and ThakwWeigold, 2019; Yingming, 2009)
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1.3. Scopeof research

The research scope is the medical device cluster in G&lityan Ireland The research
hasfocusedon Galway City due toits prominencan medicaldevicemanufacturingn Ireland.
Galway has 25% offrish 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 (E@p&)ti et al(2022),
Miller andAcs (2017) and Sorensorand 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 +ealld example of pharmaceutical
biotechnologycompanie<clusteringtogether. ConcentratedMartinsried/Grosshadetin the
southwestof Munich, thereweremorethan50 biotechnology companiesdseveralresearch
institutedocatedtogethe(Kaiser,2003). Theconcentratiomf this Munich clusteiis on a scale
smaller than the cityKaiser(2003) identifies thatalthough the cluster is compact, it has been

significantly impactedby regulations aihe regional, national arfeuropean UniofEU) 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,
languageor regulatory barriergrigure1-2 representthemedicaldeviceclusterin Galwaycity

and the wider geographical scales that can influence the cluster.

Global

European Union

Ireland

Galway City

United
States of
America

(USA)

Figure 12 Scope of project, Galway City and key themes consid&edrce Authors own
work)

This research is focused on the cluster at the scale of Géliwgylocated in an area
approximatelysx5kmsauare A micro cluster of firms within Galwagity is concentrated on
the East side of the city. Researchers including Bemkd&aetan{2019) Doloreux andParto
(2005) Evans(2023) and Ferretti el (2022) highlight the importance of micro clusters and
state thatn increase in distance arscaleof as littleas1lkm can have a negative impact on
innovation and clustering. The presence and interactioalsvefsekey actorsin particular
from academia, funding providers, entreprencarsd the governmentare essential to the
development of a cluster (Bell, 2005; Bikard &arx, 2018; Budden et al., 2019; Millend
Acs, 2017; Porter, 1998; Sorenson audlia, 2000; Tartari et al., 2021; Valkokari, 20IB)is
researchs undertakeon GalwayCity ratherthanon thamicro cluster as actors deemed critical
to a clusteras describedbove are missing from the micro cluster.

The Galway cluster is impacted theinteractionsbetweenreland the EU, thdJSA,

and other global geographic regipiiistrated inan onionlike schematidn Figure 12. The
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immediate layer that Galwayg surroundedy istheisland of Ireland.Factorsor themeghat
are consideredinclude 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 sca&mand and competition are key factors that
needto beconsidered. The USK 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 yearl990 wasselectedasthe start asthe medicaldeviceclusterbecameestablishedhat
year(Walsh, 2022). Academic research and publications on clustarargviewed without a

time limitation.
1.4. The ResearchProblem

The clustering effect is well establisheglritish economisiAlfred Marshall's late 19
centuryideasareappliedin mostmodernacademiavorksof clustering(Vicente,2018). There
has been significantisolarly literature related tthe Galway medical device clustercluding
from researchers Brazyand Regan (2021)Corry and Cormican(2019) Giblin and Ryan
(2015) McGloughlin et al. (2018) Ronanand Cormican (2013)Ryanand Giblin (2012)
Sultanet al. (2021) and Sharif ar@uinn (2021).

Howeverthesestudiedocusednnarrowaspect®f theGalwaymedicald eviceclustey
such as innovation dhe impact of specifictraining programsThe publications have not
considered an overall strategy basedlmninteractions of the various actaach asulture,
incentives, government polks and international competition.

The Galwaymedicald eviceclusterhasbeerhighly successfibut even aan established
clusterthere is noguaranteéor its future succes®8oth theMichigan automobile cluster and
the Pittsburgh steehaking clusters sufferadajor setbacks in the 199@sm which neither
has recovered desphenefiting fromaccesso world-classuniversities(Bergman,2008). FDI
firms canbe footloose making it difficult tostgp firms from migrating to the next lowost
location (Cassidy et al., 2009). Irelamadathriving electronicandcomputenndustrythathas
largely disappeared as multinationals moved to lower cosnhtries(Egeraatand Jacobson,
2004). Lacking a defined strategy tanedical device cluster that has been largely established
by FDI is a significant risk. Existing research inadequately addresses the risks and opportunities
the Galwaymedicaldeviceclusterfaces Importantly, it hasnot yetformulated alongterm
strategyfor the Galway medical device cluster that gives it a competitive advanirage

industrythat facesfalling pricesandincreased regulationslowing down innovation,while
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experiencingncreased competition from lewost locations.

1.5. Researchaims, objectives and questions

The systematiditeraturereview utilised in the researctshows that existingstudieson
the Galway medical device cluster do not propasgoverall strategies for the cluster to
implement. Theaim of thisresearchis to develop a strategy for the Galway medical device
cluster based on the voioétheindustry and the acadeniiterature.This will be achieved by
identifying key themes and actors that impact ttlester angdbased on thesaleveloping
overall strategic action3he research aim gives thejectits purposeand provides clarity to
the researcher artiereader (Nicholas, 2024)Doody andBailey (2016) stat¢hat the first
step of any study is developing the research gimestionsand objectives underliningthe
importance ofaimsand objective$or asuccessfutesearch study
The objediveswill achievetheresarch am, andguide the research processd the
design of appropriate methods. Jtere the steppingtones to complete the research aim and
are based otheliterature gaps identified @hapter 2. The research objectives are listed below.
x Contrastthe Galwayclusterwith existingindustrial clusterstudiedin literature.
x Proposeaframework/model thas suitableforanalysng clusters(the Galwaymedical
device cluster in particular) based on academic literature.
x Describe the innovation characteristicspresentin the multinationalsand the
startup companies in the cluster.
x Proposea strategyand metrics for the Galway medical device clusterbasedon a

holistic framework.

Researchquestions.
The objectivesof theresearcharetranslatednto the following researchuestiongRQ).
RQ1) Whatare the contrastsand commoncharacteristicsof the Galway cluster
comparedwith other clusters in literature?
RQ2)Whatframeworksare usedto modelan industrialcluster, and whichoneclosely
matches the Galway clusgr
RQ3)Are theredifferencedn innovationbetween multinationaland startups?
RQ4)Whatstrategycanbe applied tothe medicaldeviceclusterin Galway, andis it
applicableto clusters in general
To achievetheresearchobjectives, a mixeanethods approach is implemettd&lethods
include a systematic literature review, senuctured 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 arsother
improvements (Porter, 1996). An industrial cluster is recognized as an opportunity to create a
self-reinforcing cycle of improved competitiveness and retBr®snan et al., 2016).

“Clusters are geographic concentrations of industries related by knowledge, skills,
inputs, demand, and/or othdinkage$ as defined by Delgado et al. (2014). Delgado et al
(2014)alsocitedthepositiveimpactof clustersona region’sindustrial performancencluding
job creation and their role as a regional ecosystem (Delgado, Porter, Stern, et al., T2@14).
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
outsideof clusters (Bell, 2005). Individuals have access to knowledge, socjartéegesources
to startnewventureshencegentrepreneuriahctivity is greatein acluster(SorensomndAudia,

2000). Clustersisoimprovenon-commercialstakehold ersior example academianstitutions
in clustershavemoreimpactandare cited 81%morethaninstitutionsoutsidea cluster(Bikard
and Marx, 2020).

Portermodelednational competitivedvantagéFigure 1-3) ashaving four interacting
determinants: Firm strategy and structure, demand conditions, feectwttions, and
supporting industrie@Porter,1990). Hestateghatnationssucceedn clustersof industriesthat
have close relationships. Portediamond model suggests that countries can strategically
improvetheircompetitiveposition bycreatingadvancediactorssuchasskilled labouror strong
local demand.

Theresearch wilidentify a model forthe Galway medicatleviceclusterthatcan help
identify methods to improvéslongterm competitiveness.
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1.7. Significanceof the research

Prior researctby Phelps(2008) has proposed thebl-generatedlusterscanbe fragile
and are often unable to be sustained. This is supported in the Irish context byalBdizggan
(2021) whoquestion the sustainability ¢fie FDI growth modelExisting 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 valuettee existing literature by demonstrating how innovation is
significantly impactedby themedicaldeviceindustry,andleadgo differentstrategies$or large
multinationals and local stadp 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 todalyis studywill 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 clusteran small open economieshe resultsof theresearchwill showthatcurrent
governnent structures to support clusters are misaligned with the needs of the cluster. These
findingswill benefit policymakersandacademiaesearctby proposing policiesvith improved
efficacy.
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1.8. Outline of Dissertation

The dissertatiorconsists ofive chaptergincluding this one)as detailedelow.

ChapteOneis theintroductionchaptertotheresearchin thischaptera shortoverview
of the global medical device industry is providedd the Irish medical device industry is
placed withirthiscontext.The chapteexplainsthatGalwayCity wasselectedor thestudydue
toits significancewithin themedicaldeviceindustryin Ireland.Theresearctproblemexplains
how, despitethe succes2f the lrish medicaldeviceindustry,it facessignificant risks and
challenges. The chapter also discusses how clusters can provide a sustained competitive
advantage. The research aim afectives are discussed. The research is of significance due
to the global importancef clusters strategiclessonsfor the Galwaymedicalclustercan be
appliedto other clusters.

Chapter Two establishes the conceptual framework for the thesis. It provides an in-
depth overview of the medical device industry globalgluding 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 theear future Themes from the systematic literature
reviewarepresentedThechaptemlsoanalysegurrentstateof theartclustermodels. Examples

of realworld clustersarecontrastedshowingthatdespiequite differenbeginnings the clusters
evolved to have mansimilar 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 justifiedheoretical framework is presented that links
the actors in the cluster to innovation and entrepreneurial capabilities. The methods used to
complete sermstructured interviews are summarised along with the coding frame used.
Quantitative measures are suggested for the themes in the tla¢dratmework Justification
for the selectedmethodsalong with theidimitations are presentedThe chapterdescribes the
methods useth 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 presenteétiprovides a synopsis ¢fie medical device industry in
Ireland and itgvolution. The developmenbf manufacturing sites Irelandandhowthesites
have developed andmatured are also discussed The findings contrastinnovation from
multinational companieswith innovation from the local startup companie¥he geographic
spread of the medical device sites in Ireland avithin the Gdway cluster is presented

suggestinghe clustering effectis smaller than manyresearchergenerallypropose. Partially
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because of the small geographic scale of the clustering ,gffebtemswith currentmeasures
of clustershave beenidentified, and further measuresof innovationon a cluster scale are
suggested.

Chapter Five discusses tesearch results, conclusions, implications, and limitations,
along with probable future research areas. Based on the findings, policy recommendations are
presentedand a recommended strategy for Galway’s cluster is shared using the theoretical

framework as a guide.
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2. Thelrish Medical DeviceCluster

2.1. Background

Theaim ofthis researchs toidentifyasuccessfustrategyfor themedicaldevicecluster
in Galway Ireland. Through positive externalitigfie entire medical device cluster in Ireland
will be improved by improving the health of the Galway clust@ris chapterams to
understandhe current literature published on the medical device clusterin Galway and
thetheory on industrial clusters. This chapter achieves its aim by describing the theoretical
background and providg an overview of the medical device industry globally. The chapter
moves from global trends the specifics of the Galway cluster. A systematic literature review
(SLR) was conducted to establish key themes in academic literature tand
determinerecommendationsurrently suitablgor the Galway Medtech cluster. The chapter
discusses models of industrial clusters and current theories of cluster sasbgscribed in
Table2-1.

The global overview of the industry summarises how demographics is the primary
driver of growth. Despite a growing markéte industry faces continual price decreases. The
benefitsof healthcareandmedicald evicesare summarisedandincludereducednortality rates
and better quality of life for patients (Crocker et al., 2020). The next section of the paper
summarises criticisms the industry has fadgeduding highprofile 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 criticinslled againsthe industry (Fraser
et al., 2018).
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Table2-1 Overviewof key themesn chapter (Source Author's own work)

The paper then discusses the medical device industry in Ireland. The key themes of
innovation, Biolnnovate, multinationals and clusters are identified in a Systematic Literature
Review (SLR). As Galway is recognised aschuster literature on cluster theory Isabeen
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 evolutioA.comparison is carried out eéveral clustersiith the
medical device cluster in Galwag determinewhich cluger modelsfit best The @ps in the
current literature are identifietlighlighting opportunities for further researefhich becomes

the basisfor further chapters the thesis

2.2. Global Overview of the Medical Devicelndustry

A medicaldevice 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 structureor function ofthebodyfor somehealthpurpose(Lang
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Lucini, 2017). Typically, a medicaldevicés purposes not achievedby pharmacological,
immunological, or metabolic means.

Healthcare spending is increasing globally, more than doubling between 2000 and
2019; currently, thglobal 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 bilion (Xu et al., 2021). There are more than 2
million medical devicesurrently on the world market (World Health Organisation, 2021).

The USA s the world’s largest producer and market for medical devices (Maresova et
al., 2015). HighncomecountriesaccounforapproximatelyB0%of healthcarspendingXu et
al.,2021).Less weloff countries have a penfp demand for devices; forexample, 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, employmnd the
wealth of a nation (Boyce and Brown, 2019). Tiabgl Medical Devicesales are outlined in

Figure 21.
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Figure2-1 GlobalMedicaldevicesales (Source:FortuneBusiness Insight2020)

The medical device industry is highly consolidated and dominated by a few large
players Just 15 compaas genelg 54% of theglobal salesof medicaldevices(Daigle and
Torsekar, 2019). ThéMedtechindustry continues to consolidate through acquisitiand
partnerships (Department of Business, 2020).

49



2.3. Medical devicecategories

It is estimated thathere are 2 milion medical devices in wgebally, which can be
categorisedhtomorethan7,000d evicetypes(World HealthOrganisation, 2021b¥-ifteentop-
level categorief medicaldevicesprimarily makeup 84%of global sales.Table 2-2 liststhe
device categoriesbasedon the World HealthOrgankiation’s nomenclaturgMuir, 2018). Al
segments have forecasted growth, with Neurology predicting the fastest growth of 9.1% and In
Vitro Diagnostics (VD) having the largest sales volume catedoilpwed by Cardiology
(Muir, 2018). ThdVD segmentis growingdueto thetrendfor reattime diagnostic tests.

Table2-2 GlobalSalesfor Categorie®f MedicalDevices
(Source:Authorsown adaptedrom data published by Muir, 2018)

DeviceCategory WW Sales Segmen®o Compound
Billion Annualgrowth

US$ rate (CAGR)

In Vitro Diagnostics 52.6 13% 6.1%
Cardiology 46.9 12% 6.4%
Diagnosticlmaging 39.5 10% 3.7%
Orthopaedics 36.5 9% 3.7%
Ophthalmics 27.7 7% 6.2%
GenerabndPlastic 22.1 5% 6.5%

Surgery

Endoscopy 18.5 5% 6.3%
Drug Delivery 18.5 5% 4.6%
Dental 13.9 3% 6.5%
DiabeticCare 11.7 3% 7.8%
WoundManagement 13 3% 4.6%
Healthcard T 11.8 3% 5.9%
Neurology 8.6 2% 9.1%
Nephrology 11.7 3% 4.2%
Ear,NoseandThroat 8.9 2% 5.7%
Other 63.1 16% 5.7%
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2.4. Drivers of medicaldevicespending

All of the medicaldevicecategoy types listedn Table2-1 areexperiencingcompound
growth.An ageing global population is the most significant causmaéased spending on
health care. Othdeey factorsfor growth includeanincreasein chronic medicalconditions and
increased publicaccessto new treatmentsThe following sections discuss therivers of

increased spending on medical devices
Demographics

Thereis agraduabkndirreversibletrendglobally towardsanageingpopulation. Couples
hawe smaller families, improveaments insanitationand medicaltreatmentspetteraccessto
education andtridesn gendeequalityhaveall led toanincreasan human longevityWilmoth
etal., 2023). An ageing population is the most significant factor that contributesréased
spending on health care (Gregersen, 2014). On averagedividualwho is over 85 years of
age will have 6 times the medical costsaagierson aged between 55 and 59 (Murakami and
Morgan, 2016). Globally, in 202€hereare728million people age@5 or over; thiss projected
to doubleto 1.5 billion in 2050. There are significant differences in the median age of
populations globallywith Niger havingan averageage demographic of 1§earsand South
Korea'saverageagedemographic of 56.5 yeafKrys andBorn, 2021).Statistics concerning
globaldemographics are summarised in Figw2 Ehcreased ageing is the dominant factor in
comorbidities (Vos et al., 2015). The good news oingoroved life expectancy comes with

the downside ohcreasedostsan healthcarespending.
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Figure 2-2 Global population over 65 versus birthsfperale (Source:Author’'s own work

utilizing data from Krys and Born, 2021 and Worldomep€r0).
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Chronic Conditions

Economic development and increasing urbanisation are leading to more sedentary
lifestylesandgreaterconsumption ofinhealthyfoodslinked with obesity.This is driving arise
in chronicconditions such asype Il diabetescardiacdisordersandhypertension(Williams,
2019). The historical and predicated increase in diabetes is illustrated in Fguieafly
detectiorof diseaseand conditiongoupledwith improvedtreatmentsnears thatpeopleare
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 milbn 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 eanlgset cancer between 1990 and 2@ et al., 2023).

800
700
o 500 382 /
g 415 o 700
G.>)‘ 500 366 . 642
()]
:‘; 400 246) | ¢ ° p - 592
&z 463
53 - .- @
£ H e 285
8
S mm 194
o)
3 0
(a)
S 2000 2007 2014 2021 2028 2035 2042

Year

Figure 2-3 Globaltrendin Diabetics (Source:Author's own work utilisingdata
from Williams, 2019).

Non<ataldiseaseare nowthemajor causeof healthspendingGlobalimprovementsn
accesdo healthcarénaveresultedn morepeopleseekingtreatmentandincreaseddemandor

medical devices (Vos et al., 2015).

Accessto New Treatments

The availability of novelmedicaldeviceso treatunmetclinical need$ascreatechew

demandfor the Medtechsector.An exampleof new demandin the sectoris Endovascular
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Stroke Therapy (EST). Saber et al. (2019) showed a continuous increase in EST over the 10
yearsfrom 2006 t02016.The numberof ESTswentfrom lessthan50in 2006 t01000 in2016.
A significant jump in demand occurred when multiple clinical trials confirmed positive
outcomes.

The useof minimally invasiveinterventionalsurgeryis increasing.For example,a US
based study of PeripheralArterial Diseasedemonstrated that the use of endovascular
interventions grevby a factoof 3 between 1996 and 2006. Simultaneously, traditional bypass
surgery was reduced 8%. Overall,thenumberof proceduresompletedalmostdoubledin
thatdecade. Patients benefited also as the rate of ampustatasreduced 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 acutdiseases can be given at home for half the cost of a hospital stay.
Home-carepatientshavebeenshown toremainmore activeandget bettersleepthanhospital
based patients (Levine et al., 2018).

The development of home care equipment and technologies has enabled patients who
require 24/7 monitoring to be treatedat home.Home care reducesalthrisks suchas
infectionsand falls. For elderly patientsognitive and functional harchue to being in a
strangeplaceis eliminated(Megidoet al., 2023).The COVID-19 epidemi@cceleratedhe
trend ofusingtelehealthwith 95%o0f doctorsancreasingheiruseof telehealtloptions(Welch,

2020). Demand for home care offers significant opportunities for wearable medical devices.
Wearabledevicesandtheir ability to monitor patientdhaveanexpanding rangef applications
suchas cardiovascular and diabetic monitors. Devices are getting smaller and easier for patients

tousewhile enabling healthcargtaffto reviewtrendsand providecare(Derek,2023).
2.5. Price Erosion

While the total global spending on medical devices is increasing (World Health
Organisation, 2021a)hepricesobtainedfor undifferentiatednedicaldevicesarereducing. In
the USA, hospitals are pooling their purchasing power to reduce costs. Between 72 and 80 per
centof nondabour purchases are completed through a Group Purchasing Organisation (GPO)
or IntegratedDelivery Networks (IDN)Wilson, 2019).Centralisedourchasingesults in the

standardisationof medical devicesand downward price pressures.ncreasingly,
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purchasingdecisionsand medicatleviceselectionare beingmadeby purchasinglepartments

with physiciansin advisoryroles. Commodityproductsare particularly affectedby downward

pricing pressur® For example, thaverage selling priceAGP)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-basedabs(OBLs)andambulatory serviceentes (ASC) areincreasinglybeing
utilised for outpatienproceduresAlmost all endovasculaproceduresre suitablefor an OBL
setting.OBL is gaining anincreasingshareof the USA market with 25% ofperipheral vascular
procedures currentlyarried out in OBlsettings (Amador, 2018). OBLs are physictamred and
tend to bemore costconscious than hospitagvith OBLs often receiving pricdiscounts of
50% (Amador, 2018), they and GPOs are driving dowrAtBE of Medical Devices in the
USA.

China’s population is aging quicklyesulting in healthcare costs outpacing economic
growth.Chinaintroducedacentralisedpublic procuremenpolicy for medicaldevicesin 2019.

The logic is buying in bulk tdower the costs of medical devices. The reductions in selling
price over 3yearshavebeendramatiqTable 2-3). Whencoronary stentdor example,wereput

out in Chinao tender, 20 companies participat®@dvere chosen, and six tifesevereChinese
(Erixon et al., 2021). Redad sellingpricesin the Chinesemarketwill makeit increasingly
difficult for Irish-based MedTech companies to compete at tirarket.

Table 2-3 MedicalDeviceprice reductionsbetweer2019 and2021 resultingrom centralised
state procurement in ChingSource: Erixon et al., 2021)

ProductCategory Reductionin selling price

CoronaryStents 95%

Orthopaedics 55%

IntraocularLens 41%

Pacemakers 50%

Nursingconsumables ~80-90%
2.6. Benefitsof healthcareand medicaldevices

The costs of health care and medical devices are often focused on the desire to reduce
spendingandachievebettervalueformoney.The focusoncostsoverlookghebenefitsof health
care and medical devices (Boyce d@wbwn, 2019). Akey benefit of healthcare systelss

reduced mortalityatesand betterquality of life for patients(Crockeret al., 2020).

Healthcare has a positive impact on economic stability agesssntial to a stable functioning
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economy (Boyce and Brown, 2019). The link to economic performance is clear, ill health
impairs productivitymakes findingemployment morelifficult and negativelyimpacts 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 dueto medical bills preventingcatastrophitealthbills. The Instituteof
Medicine estimated costs to the economy between §&66 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 deviceindustry

Asmedicaldevicesareusedwidely for virtually everydiseasecondition, their safety and
efficacyare critical. The failure of a medical device can result in patient harm or death. Quality
issues have led to significant conceat®utthe regulation, efficacy, and transparentyhe
industry. Thetermrecall is usedwhena manufacturemusttakecorrective action or remove
products from the markeMgdical Device Recall2024). An example of a majoecallis the
DePuyASRhip implant. Studieshowedhat implants had high failure rates, close to 40%, and
that the company hadlelayed 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
informationfrom regulatorybodiesor years Betweer2011 andApril 2021 Philipsreported8
complaints to the FDA. In the following 3 yeathey reported 105,000 problemacluding
reports of 385 deaths related to the recalled devices (Whooley, 2024)

There are concerns abouhe growing number of recalls (Heneghan et al., 2011).
Mooghali et al. (2023)statethat medical device recalls are common, affectim@ions of
deviceseachyear.Therecall of medicaldevicescanbeslow toimplement, putting patientat
risk. High-profile recallshaveledto criticisms of the industrys regulation and approval process
for new devices (Cohen, 2012). The highest profile recall is the 2010 recall of adulterated Poly
Implant Prothése (PIP) silicone breast prostheses in Framegroduct was withdrawn due to
the use of lowgrade silicone, which increased the risk of implant rupture (BerdyStanek,
2012; Greco, 2015). The PIP scandal triggered the introduction in 2017 of more stringent
regulations in Europe known as the Medical Device Regulations (MDR). Theo®razerns
thatthe MDR regilations will reduce access to medical devices, reduce innovation and increase
costs (Nussler, 2023).
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Datafrom the Food and Drugd ministration (FDA) database, which published recalls
of medicaldevicesn the USA- theworld’s largestmedicaldevicemarket— found that there
have beed57 deviceecallsin the 10 years frora014 to 2023 (see Figure 2-4).2023, 33.7
million patients were admitted to US hospitalspf whomwere treated with multiple medical
devices (Kapferer014). Thus the 6&edicaldevicerecallsin 2023needto be seenin the
context ofthe33.7 million patients receiving hospital treatment that year, involving some form
of medical device

The medicd dewvce industy has beereriticized for its lak of transpaengy. To select
the most appropriate medical devibealthcare professionals must base ttleaiceson its
safety and clinical efficacy. Medical practitioners have called for safety and efficiency
information to be made publicly availablenabling full transparency anformed decisions
(Fraser et al., 2018).

Medical devicerecalls.
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Figure 2-4 Medical Deviceecallsin the USAbasedon the yeaposted by the Food
and Drug Administration (Source: Medical Device Recalls, 2024)

Conflicts of interest between healthcare professionals and the medical device industry
areasecondareawheretransparencys aconcern(LexchinandFughBerman,2021).Giftsfrom
manufacturers can influence the behaviour of physiciarssudy of over 150,000 physicians
in theUSAreceivinggiftsassmallasa singlemeal of US$20wasassociateavith anincreased
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$12.5billion was paid to healthcareprovidersin 2022 (Medicare,

2024). Thepayments weréor items such as research, meals, travel, gifts or speakingrtees.
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increaseransparencyndreducethepossibility of giftsimpactingthebehaviourof physicians

the USA introduced th&hystian PaymentsSunshine Actin 2010, which requires the
publication of payments and gifts (Lexchin &udjhBerman,2021).The Sunshiné\ctintends
toincreasdransparencgndhence reduceonflictsof interestin Europe, th@referencas self-
regulation basedon codes ofbest practice developed and implemented by industry trade

associations (Ozieranski et al., 2021).

2.8. Ireland and the Medical Devicelndustry

Themedicaldeviceindustryin Irelandemploys46,000people which isthehighestrate
perhead of populatiorof any European country (IDA, 2024). There are exportd 8615
billion annually from Ireland, whichrepreserg 8% of Ireland’s exports(United Nations
StatisticsDivision, 2022). Ireland hasthe lowest R&D tax rate in th®ECD. Figure 25
summarises some statistics related to Irélamokports. m 2023,due to improved economic
performancethe Institute for Management Developm@MD) ranked Ireland as the second
most competitive country in the world (Bris, 2023). This is a significant change from l®land
historical position of being the “poor man of Europe” in the 1970s and an “economic basket
case” in the 1980slt is not just financial performance that has imprgviedland isplaced
first in attitudes and values, incling 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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(Source:Author’'s own work. Statistics fronmdustrial Development Authority, 2022
and Central Statistics Office, 2022)

The home market is smalfo the industry focuses on exports. The exports are
concentrated intosix medical device categoriesvascular, orthopaedics, ophthalmic,
pacemakersiespiratory and electrodiagnosticvVascularand orthopaedicategoriesmakeup
75% of the exports by value (McKernand McDermott, 2024Db).

Ireland’s medical device industry is dominated by multinationals that established
manufacturing sites in the 1990s (EvarsiGiblin, 2017 McKernanandMcDermott, 2024a).
Ireland was able to attract the world’s largest medical device companies due to its proximity
andtariff-freeaccess$otheEU, itsrelativecostcompetitiveness, its Englitiinguage speaking,
andits responsive regulatory systems (McKernan &mcDermott, 2024b). Ireland’s low
corporate tax ratemhich was10% in the 1990s) is often quat as a reason for FDI. While
acknowleding therole played bycorporate tax rates FDI, McKernanandMcDermott(2024)
suggested alternative reaspimcluding itsskilled workforce, stability, membership of the

EU, and a regulatory regime conduciveto doingbusinessn Ireland Medical device firms
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self-reported the availability of skilled labour as the most crucial factor when selecting a
location (Kimelbergand Nicoll, 2012).

Medical devices in Ireland are not just concentrated on a few product cateflogies
are also concentrated geographically; one significant concentration of medical device
companies ias mentioned previously GalwayCity on the West coast of Ireland. The startups
in Galway City are mostlglusteredvithin a’5km square Galwayhas25% of jobsandalmost
50%of all medical device staaps in Ireland (McKernan arddcDermott, 2024b). Thirtypne
percent of the total medicalevicecompaniesn Irelandarein Galway andGalway’smedical
devicestartuprate per head of population is ten times the average for Ireland (McKardan
McDermott, 2023). The Galway city cluster was katkfted with multinationals movingto
the city (Ryan andGiblin, 2012). Eightythree percent of organisations statthat the location
of Galway City was importantin choosinga manufacturingsite (McCormacket al., 2015).
Studieshaveshown thabeingin a clustergeneratesutputgainsthat aresix timesthat of the
extracosts (Walsh2023).

2.9. Systematic Literature Review-Medical device industry inlreland.

A foundational part of academic researchreigewing the current academic literature
in the field of concern (Croom, 2010). Tlsgstematic Literature Review (SLR) method was
choserto producasummaryof thecurrentpublishedacademiditeratureonthe medical device
industry in Ireland. In addition, it aids the collation of the relevassults 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 providingv mesights (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 lide
This SLR intendsto answelthe question:
Q1) Whatare thekey trendsin the academic literatureoncerningthe medical
device industry in Ireland?
Q2) What are theurrently 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
systematictransparen@ndreproducible. Theigour andpredefinednethod®f anSLR enable
the identification of relevanhformation and minimise the scope for bidgence improving
the reproducibility of the study (Snyder, 2019). As ktieh MedTechcluster was created in
the 199051990 was selected Hsestartdate oftheliteraturereview.An SLR wasconducted
on articles published between 1990 and 2022 usihgWeb of Science (WoS)lhe WoS
academic databases selected as it is the world’s madtiely usedandauthoritatived atabase
of researclpublications(Birkle et al., 2020).This ensuredjuality resultswere achievednd
searched for extensivelyithin the literature.

To complete the SLR, the search strings used were “Ireland”, “start?up”, “medical
device”, “eco?system?”and “cluster?” with a questionmark usedas a wild card These
facilitated wordghatcan be written with a space or dash. For example, “start?up” returns results
for “startup”,“start-up” and“start-up”. The following synonymsof MedicalDevicewerealso
used,'Med Dev”, “Med*Dev” and“Med*Tech”. The quotation markdimit the searchto the
words defined while the use of wild cards * &adlows derivatives of the word to be included.

The initial results yielded 843 articles. The summary information related to these
articles was extracted fromspreadsheet thus enabling the review and removal of duplicates.
Only articlesthathadatleastonecitationhavebeenncluded Thetitle, abstractandkeywords
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 orgenerafindingsthataidedin explainingtheclustersgrowth.Subsequently27final
papers were selected. The key steps of the SLRuanenarised in a flow chart in Figure62

The remaining articles were then thoroughly reviewed.
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2.10. Results

Descriptive statistics

Figure 27 summarises the number of articles and citations based on the year first
publishedand the citation count as of the 26™ of April 2024.There are no relevantarticles
publishedbefore 2009 despite the search starting in 1990. This may indicate interest in the
medical device industry in Ireland only sedtas it beame more established with a greater
presenceThere 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 entrepreneurialiesamsit

entrepreneurs as their themes.
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Figure 2-7 Number of publications acdationsby year(Citationcount asof 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 medioal d
industry but did not make recommendations on how to improve it. For example, &idlin
Ryan (2015) observedhat multinationalactivity is at the centre of a virtuousircle. While
providing useful insights, the paper doed provide recommendations how tamprovethe
health of the cluster.

Of the nine papers that included recommendatibms were primarily focused on
entrepreneurghreeconcentratedn governmenandtwohada focus on industry. Talde2-4
show the papers from the SLR categorised by descriptive papers or papers that included
recommendations.

Table 2-4 Papersrom the SLR (Source: Author’'s own work)

Descriptiveor
Authors Title of paper Key points. Recommendatiof
Open innovation within | Discussed Opelmnovationin
(Barrettetal.,2021) | high-techSmall & startups. Descriptive
Medium Enterprises
(SME’s).
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Anchor, incumbent an
late entry Milti-National

N/A

(Giblin and Enterprises (MEs) as
Ryan, 2015) | propellantof technology Descriptive
clusterevolution
Subsidiary knowledgel Subsidiaries develop their
creation in ceevolving | knowledge and remit by
(Ryan et al., 2018) contexts learning from the cluster. Descriptive
An analysis of open | Describes the level of opg
innovation practices in t innovation.
(McCormack et al., | medical technology sec
2015) in Ireland Descriptive
Cluster sustainability: TH A clusteris not sustainable i
Israeli life sciences | ismissing significant parts Descriptive
(Breznitz, 2013) industry the ecosystem.
Transcatheter aortic valv
(Mikhailova and Olser Internationalization of § implantation (TAVI) was
2016) academic invention | internationalised after beif  Descriptive
through successive | sold by the MNE. Developmd
science-business | is like a series of relay racgs.
networks: The case of
TAVI
Medical device patentsg
(O’Cearbhaill et al., | review of contemporar| Descriptive, Ireland’sevel o] Descriptive
2019) global trends with an Iris patents.
comparison
A Study on the Succeq Studies success factors of
(KIM et al., 2020) Factors of Bio Cluster| clusters, provides framewo| Descriptive
Entrepreneurial
(Guerrero et al., 2014)  universities in two Build and enforce the| Descriptive
Europearregions: A cage university eco-system
study comparison
(McGloughlin et al., | Innovation for the future | Describes the positive impagd
2018) the Irish MedTech the Bio-Innovate program|  Descriptive
industry.
Inside the university
technology transfer offid Study of mission statementy  Descriptive
(Fitzgerald and mission statement | technology transfer offices.
Cunningham, 2016) analysis
Bio-Innovatelreland—
(Bruzzi and Linehan| fostering entrepreneuri Continue Bio-Innovate
2013) activity through medical Descriptive

device innovation trainir

(Fritzsche et al., 2021

Stateof-the-Art: Bio-
)design based dmnovatio

Ecosystems in Europeé

h

Compares Bidnnovate
program in different locatiol

ns Descriptive
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(Doyle et al., 2022)

Exploring new ventureg

creation through

Best practice for incubators g

incubators and accelerators. Descriptive
accelerators.
Spin in company has had
Impact of a university positive impact on the
(Dowling, 2013) spinin company on | university, improving resear| Descriptive

academic research:
case example

q and giving practical

experience.
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Driving Medtech
innovationandstart-up

(Sharif and Quinn, companyformation DescribesBio-Innovate Descriptive
2021) throughsuccessfybint program.
academic/commercial
fellowship
' ioni Descriptive
(McCormacketal., | an Analysisof Innovatiof Comparesperinnovationn P
2015) o GalwayandMed Con
Management in Irish valle
Medical Device SMEs y:
A Tales of Two
(Aulet and Murray2013 entrepreneurs Strategyfor start-ups Recommendatid
Why are medical devig _
multinationalschoking Recommendationsf Recommendatid
(Sultanetal.,2021) | disruptivetechnologyand developingrewproducts.
killing innovation?
i ) Founder has a significant Recommendatic
(Barrett and Dooley,| Openinnovatiorstrategy | jmpactonafirm'’s approach
2021) of an earlystage SME to open innovation.
i _— Consideregulatory :
ScannelandCormicari
( 2019) Spinningoutof control? requirementgarlyin Recommendatig
thedevelopmenprocess.
Evolution of Ireland’s
(Cunninghanetal., Industrial,Scienceand | PolicydocumentEncourag| Recommendatic
2020) TechnologyPolicy more entrepreneurship in
MNE.
From bricks to brains:
(Haugh,2013) Increasinghe Policyrecommendation® _
contributionof foster innovation and | Recommendatig
knowledgebasedtapital entrepreneurship.
to growth in Ireland
Tight clusters or loose _
(Giblin and Ryan, | networksZhecriticalrole| ContinueattractingFDI. | Recommendatid
2012) of inward foreign direct
investment in cluster
creation.
+ L JK ( \@IHisieks, _
InnovationCapabilities | Adoptpoliciesthatbuild the Recommendatig
(Ryan andiblin,2012| andTechnological capabilities of industry.
Entrepreneurship.
An exploratorysurveyof Recommendatid

(Eatocketal, 2009)

current practice in the

medicaldeviceindustry

Developnewto theworld
products
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Towards innovation inf Scorecardthatcanbeused
(Corry and multinationalcorporatioff  as guidance to develop
Comican, 2019) subsidiaries. subsidiary.

Recommendatid

The recommendations madahethe aforementioned literatusee generic in natui@nd
lack specifics on how to implement the@unningham et al. (2020) recommend encouraging
more entrepreneurship in MNEs but do not suggest systeineentivesto do this. Haugh,
(2013) recommenddostering innovation and entrepreneurship. Gidind Ryan (2012)
recommend continuing to attract FDI.

Therecommendationalsofocusonindividual actorsvithoutconsidering thendustrial
context othe fact that each actor in the ecosystem interactdmatithers sharing knowledge.
Four of the papers making recommendations target entrepreneurgrgaithegovernment,
and two are focused on inventory. The recommendationsti@mublications are nébcused

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

Main themesin the SLR

The keywordsrom the articleswereextractedTo visually representhethemesof the
papersawordcloud was createdrigure 2-8. Themore often aword appearg thekeywords
of thearticles thelargerit is in thewordcloud.Pluralsof word swerereplacedwiththesingular
form; for example innovations verereplaced 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.”
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Figure2-8 Word cloud basedon keywordsof selectedarticles
(Source: Authds own work).

For the papers with Innovation or open innovation as a keywwoedther keywords in

those papers are SME, Medical, Bimovate, starup, Cluster/Ecé&ystem and Entrepreneur.
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To showhow themedrom papersarerelated thekeyword swerevisually linked

in Figure 29. 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
MNC/MNE/FDI 7

Cluster/ Ecosystem |
Cluster 6 . 3 ‘

A {

SME/ Start up 7
—Technoogys ¥ Innovation / Open Vi
4 o - University/Academia 4
Innovation 10

Technology Transfer

Entrepreneur 8 /
P Bio Innovate 3 / Office

Figure2-9 Linkageof keywordshetweerpapersandgroupingsof keywordgSource: Authdis own
work).

Innovation Grouping One

The ten papers with innovation in tkeywords are listed in Tab®4. Baumol(2002)
arguesthat innovation is the true source of national advantage anckntrapreneurs are
required to kickstartnovel ventures. AuleindMurray (2013) point outhat not all innovations
in companies havthe same impact. They differentiate normal SMEs fronovationeriven
enterprises (IDEs). IDEs can create new world ideas that make transformabiangesfor
example,GoogleNetflix, andiTunes. IDEsakeavailable resources aras Schumpeter (1942)
would describe itcreaté'new combinations” or solutions. Thesewsolutions as Schumpeter
said, can generate“gales of creative destruction” challenging the status qudable 2.5
characterisedypical SMEs, DEs, and startip medical device companies. Stapt medical
device companies closely match the characteristics of IDEs.arerisky venturesvith high
failure ratesbutalsohavethepotentialfor exponentialgrowth.

Table2-5 Characteristicof SME/IDE andmedicaldevicestartupin Ireland
(Source:Author's own work based on data from AuetdMurray, 2013 and McKernan
and McDermott, 2024a)

SME Characteristic IDE Characteristic MedicalDevice StartUp,
Ireland

Focusonthelocal market Focusontheglobalmarket  GlobalMarket
Innovationis not necessary Innovation is the basis of  The company is focused on

for growth and is not a acompany (Technology, unmet clinical need,e., an

competitive advantage. process or business model) innovation to an existing
Innovation providesa problem.
competitiveadvantage.
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SME Characteristic

IDE Characteristic

Medical Device Starp,
Ireland

Jobsperformediocally.

Family businessor business Diverse ownershipA wide
with little external ownershiparray of external capital

Growthis largelylinear.

Jobs do not have to be

performed locally.

providers.

Negativecashflow, followed
by potential exponential

returns.

Jobsdo not haveto be
performedocally (typically,
arelocal orjoint ventureswith
anothergeographic location).

Diverseownership.

Average of nine years to
positive cash flow.
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Haugh (2013)in his paper “From Bricks to BrainsSummarises the status of research
funding and strategy in Ireland, comparing it with @ECD countrieslrelandinvestdessin
researchthan othercountrieswithin the OECD. The organisational structures employed to
execute research are complesth 108 research centres. Irish perceptions of entrepreneurship
are lowascompared to other OECD countriésnovativenewfirms tendto bethe greatest
contributorsto job creation so improving innovationis important. Haugh (2013) make
recommendations tenhane innovation,including improving access to nehank finance,
streamlining the insolvency regime and makiig transfer of intellectual property rights
simpler. Negotiating intellectual property rights agreements are a significant barnengo f
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 (Ol) (Barrett et al., Ba2dettand
Dooley, 2021 McCormack etal., 2015). Ol is the innovation strategy in which the company
uses outsidknowledgdo enhanceheir capabilities.It isa mindsethat, insteadof secrecyand
a silo mentality encourages collaboration with other institutioAsd efinition of Ol 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).

Barrettand Dooley (2021) in a case study based on an Irish medical device start
up, dewconclusionontheOl strategyof SMEs.Theyfoundthestrategychangednaproject
by-project basisratherthan having anorganisationalstrategy.The SME tendedto switch
back to a closedsystemof learningoncetheir needdor theprojecthad beenmet. The main
partnersfor Ol were universities. Specialist resources, knowledge and IP licensing were
obtained on multiple projects. The SME stated it takes persistence and referrals to build
relationships wittother organisations. The persistence to develop relationships is worth it
enabling the SME to raise funding, build industrial credibility pragress their disruptive
technology, enabling therentureto grow.Barrettetal. (2021)foundin their analyss ofseven
medicaldeviceSMESs that thexperienceandattitud eof thefoundethadasignificantimpacton
howtheSMEapproached OBarrettetal. (2021) furthehighlightedthebenefitsof Ol, stating
SMEsinvolved in Ol tend tobethefirst to market rathethanfollowers. Themain partnersised
in Ol wereuniversitiesandgovernmenagencies for grants.

McCormack et al(2015) in a survey of medical device companies in Irelafalind
that SMEs madeextensiveuse of consultantsaswell as universitieswhen pursuing an Ol
strategy. The main drivers for Ol were capacity, control and accessing markets. Medical device

companieshoweda strongdesireto maintainthe controlof IPandhaveexclusiveaccesgoit.
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Outsourcing oR&D wasthemain Ol activity. Companiespentconsiderabléime looking for

suitable Ol partners. Table@summarises papers published with innovation as a key word.
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Table2-6 Paperpublishedwith "Innovation"asakey word (Source: Author's own work)

Authors Origin Purpose Type Conceptual Major theme/Finding
of framework
source

(Aulet USA Show how Innovation Workin Entrepreneurship IDEsareimportantfor theeconomyandrequiredifferen
and DrivenEntrepreneurtDEs g paper policies than standard companies.
Murray, are different from Small
2013) andMediumEnterprise

Entrepreneurship.
(Barrettet Ireland  Foundersinfluenceonopen Journal Innovationupper SMEslearnby doing and the strategy develops on
al., 2021) innovation. Article echelons theory. aprojectby-project basis.
(McCormack Ireland Gain an understanding of Journal Innovation TheGalwayclugerusesoperninnovatiorbecausef cost,
etal.,2015) openinnovationpractisedn Article while in Denmarkjt is because of capacity. Ti&alway

theGalwayMedTechcluste clusteris prolifically involved in open innovation.
(Barrett Ireland  Medical Device SMEs, Book Triple helix Leveraginghetriple helix is a successfustrategyto
and LeverageOpeninnovation Section advance R&D.
Dooley,
2021)
(Ronanand Ireland Assess innovation Conference Innovation Innovation management is immature in SMEs. IP
Cormican, management practices in paper management ownershipis the mainbarrierto collaboration CEO
2013) SMEsrelativeto published attitude is thedominant factor in innovation strategy.

literature
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Authors Origin Purpose Type Conceptual Major theme/Finding

of framework

source
(Bruzziand Ireland  Summarising Journal Innovation Universitiescanplay a critical role in innovation.
Linehan, entrepreneuriactivity Article
2013) from the Bio Innovate

program
(McGloughlin Ireland  impactof theBio-Innovate Journal Bio-Innovate Bio-Innovate Ireland has become a facilitator of
et al., 2018) program on clinicians Article collaboratioratthe crosssectionof clinical, academic,
and industrial practices.
(Sharifand  Ireland  Assesgheimpactof Bio- Journal Academic It is a highly successfuprogramwith multiple spinouts
Quinn,2021) Innovate Ireland Article commercial attracting €40m in venture capital
partnership.

(Fritzscheet  Germany Reviewthe success of tH&o Journal Standford Bio To meetthe needsof innovationa stakeholdenetwork
al., 2021) designprocess. Article designprocess and access to facilities is required.
(Haugh, Ireland  Assess the impact of Workin Policyframework Entrepreneurshipanbeimprovedby non-bankfinance
2013) governmenpolicieson g Paper transfer of IP and improving the insolvency regime.

innovation.

appliedresearctcentreso improve spillovers between
MNE and SMEs.
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Bio-Innovate Grouping 2

A further subtheme under innovation is a group of 4 papers that examined the impact
of the Bioinnovateprogram This programis based on the Standford Bio Desmgngramand
is basedin the University of Galwaycampus.The programhashad a positive impact on the
medical device startups in Galway (Bruzand Linehan, 2013,Fritzsche et al.,, 2021,
McGloughlin efal.,2018, SharitndQuinn,2021).The programhasbeenrhighly successfuith
multiple spinoutsand€40min venturecapital(SharifandQuinn,2021). The programfacilitates
innovation that “lies at the crosgction” of academic, clinical and industry (McGloughlin et
al., 2018). The program encourages clinicians to engagenirepreneurial activities.
McGloughlin et al. (2018) highlight ethicalissuesfor physicianswhosemoral principles may
appeartto be compromisedhrough entrepreneuriactivities. Theseethicalconcernsare offset
by an ethical obligation to improwae health and care of patients.

Fritzsche et al(2021) highlights how the Biolnnovate program provides access to
critical resources such as hospitals, operating rooms, and clinical testing. Frizathalso
highlight theprogram’simportance as part of a greater ecosystem. The authors theitit is
only in the context of a functioning healthcare innovation ecosystem that expertshé&now
and resources are combined to generate healthcare innovations.

Bruzzi and Linehan (2013) state the primary goal of the Binevateprogramis 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. Bimmovates medical device innovation progracombines design
thinking with entrepreneurship training. Design thinking focuses on starting with an unmet
needandendswith theideafor theproductor solution (Yocketal., 2011). Eatocletal. (2009)
found new to the world deviceswere more likely to exceedcompanyexpectationsthan
improvementdo existingdevices.This supportgheBio-Innovateapproactof searchingor an
unmet clinical need. Therogramis supported financially by Enterprise Ireland (ERhd
mentorship and suppoih the programare provided by industry, the university, venture
capitalists and cliniciang?articipantsn Bio-innovateaim to identify unmetclinical needsn a
specificclinical areaThemajority of newto-theworld productaremadeby smallcompanies.
Largecompanies appear to favour incremental improvements ovetagw-world products
even thoughn Eatocket al'sdatgthe minor upgrades were less successful. Eabaks data
also suggestshatthere is a significant difference in the type of innovation in small medical
device firms and larger multinationalEatock’sdatais basedon a survey of 38 companies

and 68 new productlaunches from companies in the W@Kd Ireland.While the study is
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limited by the small size of thsurvey,the findings are cleagreater novelty of new products
results in a better chance of market success.

The programthrough its support of collaboratioencourages open innovation that is
rampant in Galway medical device companies.-lIRimovate brings together more than the
traditional actors of government, industry and universities proposed by Etzkamdtz
Leydesdorf{1995)in thetriple helix. Havingindustryrepresentedspartof ateamcanbenefit
academic spinouts. Scannalhd Cormican (2019) in their paper “Spinning out of control”,
highlight that spinouts fail to recognise the effort required for regulatory appiidusaloften
results in wasted effort, delaying commercialisation, and negatively impacting the spinouts
potential survivalMcCormack et al(2015) described the location and interactions of the actors

as a clustenyhile Fritzsche et al. (2021) describes it as ang&em.

Multinationals/ Foreign Direct Investment (FDI) Grouping 3

A third grouping of paperseviewed in the SLRocused on multinationals and foreign
direct investment. Ryan and Giblfa012) statd thatin 2009, multinationals based in Ireland
accounted for 88.4 per centlogland’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% axports, theop 50 firmsfor 76%. FDI investmentn Irelandis 4 times
theEU averagevith 76%o0f this originating fromtheUSA (CSOlreland, 2023)Across Europge
typically, 60% of FDI originates from other European countries (de Freine et al., 2023). In
RyanandGiblin’s (2012) publication studying higtech clusters in Irelanthey highlight how
Multinational Corporations (MNCs) seeded and helped grow an industrial cluster of medical
device firms in Galway Cityln their study of medical device firms across Irelahey found
thatmedical device manufacturers werdncentratedin specific segmentswith no
representatiomn othermedical device categories. Indigenous firms have developed in the same
categories as the MNEDmeaning they are learning and developing competencies from MNCs.
Sincethe year 2000indigenous firms have grown faster than MNCs (based on the number of
firms, not employees @xports).The capabilityofindigenougirms hasimproved20%of firms
developedheir own devices in 1990, and 2009 75% of firms were developing their own
devices. Indienous firms have moved up the food chain but have done so based on learning
capabilities from MNCs. Thecapabilities have been both technical (know-how) and soft
skills (know-who), such as making internationalcontacts.Embeddingcapabilitiesin a
networkedpopulationin theregion isstatedas critical for longterm competitiveadvantage.

Individualfirms cancomeandgo,but embedded capabilities can be sustained in the long term.
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In their papefTight clusters or loose netwoikssiblin andRyan(2012) identify how
knowledge has transferred from MNCs to the local economy. Evidence for the transfer of
knowledge includeghe emergence of stamps, the growth of the skilled labour pool,
thedevelopment of suppliers and the development of industixersity research
collaborations. They credit the presence of MN@Wgh advancing the local clustérs
capabilities. In a virtuous cirglex strong clustewill attractMNCs tothe cluster the MNC
brings new capabilitiesand furtherenhances the refation of the cluster. Specificalljor
Galway GiblinandRyan (2012) identifynow those multinationals improved the reputation of
research centres based in local universities and through partnering witingteed fund the
organisations. Due to demand in the local aneaversities 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 meetindatimir requirements of the local
cluster. The firms Boston Scientific and Medtroniere bothestablishedn the sameareaof
the city and focused on minimally invasive cardiovascular devicesyhich created a
specialzation for cardiovasculadevicesin thearea.Giblin andRyan (2012) concludel that
based on the Galway cluster of medical device compaviid€§;s can initiate a cluster.

Corry and Cormican(2019) highlight that multinationals also evolve over time. To
increasethelegitimacyof thelocal subsidiary typically two strategiesarefollowedwithin the
MNC:

a) Enhancdhesubsidiariesprofile.

b) Pursuingnew opportunities.

Birkinshaw (2000)states thait is importantto be agoodcitizen anddeliverthe remit
that corporateheadquartereequestsRyanet al. (2018) statethat aMNC subsidiaryevolves
through knowledge creation. MNCs achieve this through external links with the local
knowledge networkAs the site growsn its capabilities it can increase its mandate with
headquarters. This enabtassitetogrowitsscopeof activities oftenin directcompetitionwith
sister sites within the network. The site desire is to make a transition from “dumb
subcontractors to initiative takers”To make the transitiorsite leadership must change a
mindset of compliance to head office to initiathaking andseek ways to add value to the
parentorganisation'overall businessThe growthof thesubsidiarysite’s capabilitiescanadd
new value to the corporation andtherefore increase the subsidygs 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 eted 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 vakaglded activities. The knowledge and technologies that MNCs
possess can be fundamental toremnic transformation. ManiINCs, instead of selecting
locations based on factor conditions such as availability of matdoalsfor innovationrich
environments that can offer qualified personnel. The transfer of-kwowto local managers
is anadditionabenefitof MNC'sinvestment. Cunninghasetal. (2020)detailhowgovernment
policy has shifted towards innovation as a strategy to gain a competitive advantage.

Embedding the MNC'’s activities is particularly important for a snwden economy
with a high percentagef nationalexportsdueto MNCs(Lenihanet al., 2023).1n the studyof
the effectiveness of R&D grants and tax crediemnihan et al. (2023) found both grants and
tax credits are effective at generating R&D activity in the subsidiary. Lenihan fiaghoticy-
induced R&D produces substantial increases in exports, turnpwand valueadded. The

induced R&D also resugtin increased performance of the subsidiary.
2.11. Clusters/ Eco-SystemsGrouping 4

The papers reviewed in the SLR discuss innovation and entrepreneurship within the
context of an industrial clustefhe papers highlighted that the industry is highly clustered in
specific medicaldevice sectorsand geographically(Corry and Cormican, 2019, Giblin and
Ryan, 2012, 201%Ryanand Giblin, 2012). Clustering is a key feature of the medical device
industry in Irelandherefor 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 Figul®2Von Thinenn 1842
developedhefoundationatonceptsn urban studieandeconomicgeographySinclair, 1967).
Von Thunentheoryexplains the use of agricultural land and activities in relation to a central
market city. The modelshowsthe useof land is affectedby transportcosts;goodsthat are
expensiveo transport are located close to the Cliyis 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 Economits defined clusters as a
“concentration of specialised industries” and referred to them as “industrial distridis”.
book offers an explanatioafwhy similar industriesclustertogether.A pooled market for
industryspecificskills has advantages for the employees and indUstag an ndustry faces
fewer labour shortagesand 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 dbcal firms.This triad of advantages prodg@elocal industrial atmosphere
where information spreads through the cluserfirms becomeawareof bestpractices and
improveproductivity.Informationis spread “a if in the air” (Marshall, 1890).

Pred (L966) studied the industrial revolution in the USA. The early industrial revolution
occurred in rural locationswhile later industrialisation occurred predominantly in urban
settings. The second stage of industrialisation saw a dramatic incremsanmber of urban
locationsandthepercentagef the population livingin urban locationsln 1860, atthestart of
the Industrial Revolution, 25% of the population lived in urban setting8y 1920,51% lived
in urban settings. Pred arglehat 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 industrialisationthatindustrybecametruly specialisedrequiring labour matchingthatcan
only befoundin urbanareas.Urbanfirms becamemore productiveaspredictedby Marshall;
this is demonstrated by increased wages for urban employees. Higher population densities
enabled increased industrial diversity (Kim, 2006).

Porter (1990) arguethatthe sustainability of a nation, or of a clusterdependent on
its dynamism. Porter suggesitsita diamond model that shows the interactions of firm strategy,
structure and rivalry, demand conditions, related and supporting industries and factor
conditions.The diamond modein effect is the playing field for the industry, and each part of
thediamondaffectstheothers.The greatertherivalry amongfirms theresultsin intensemarket
pressures and improved competitiveness. Local demand helps companigg gustomers
are discerning, they willlgo signal future market directionsnabling companies to innovate
early.

Porter classified factor conditions into basic and adw@ri8asic conditions include
naturalresources and unskilled labour. Advanced factursh & specialist knowledge and
infrastructure are created and not inheritédlvanced factors can be difficult for other regions

to replicate and can provide a sustainable advantage.
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Figure2-10 Key foundationapaperson industrial clustering
(Source:Developedby theresearcher)

Krugman (1991) proposes reasons why thdustryis concentratedjeographically.
Using a simple model of manufacturers and agriculture he shows a#l thqtired to initiate
a concentration of industry are economies of scale and reducing transport costs. This is exactly
theexplanationthatPred(1966) propose@boutAmericanmanufacturing andrbanisation. In
theUnited Statesn 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 a abundance of manufacturefss there are lots of manufacturers, goods are cheap
and available which attractsmoremanufacturersLower transportation costsnablea greater
concentration of industry.

Chandler andsaxenian(1995) consider how culture and relationships within a cluster
canimpactits evolution. Basedna studyof SiliconeValley in CaliforniaandRoute128 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 commeraignsgips
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 mtworbeflexible and
technologically dynamic than a hierarchical, independentlfmsed system. For the lobgrm
health of a clusteia culture that shares ideas is essergg@Marshal(1980)statedinformation
Is shared among members “as if in the air”.

Etzkowitz andLeydesdorff (1995) propose a Triple Helix model for the relationships
between universities, industry, and government. They statethahtionally, universities and

industryoperaten separatspheresNewmodelsof knowledgebasedconomiesneansociety
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and governments expect more from universities than their traditional “ivory tower” roles.

Silicon Valley is an example of where governmentfunding of researchcreatedspinoff

companieghat form completely new industries.

As theresearch progressed, further pivotal publications were identified by the author.

Thesepaperdhelpedexplainkeycharacteristic®f theclusteringeffect.The dateof publication

is not used to restrict the inclusion. Tabl& fists pivotal publications that help explain the

medical device clusters and their characteristics.

Table 2-7 PivotalPublications(Source:/Author s own work

Authors Origin Purpose Typeof Conceptual Major theme/
source framework Finding
Miller and | USA Creating an Journal Entrepreneurial | Universitiescan
Acs (2017) entrepreneur article ecosystem create an
systemin a entrepreneurial
university. ecosystem on
campus, needs
to be
open
Ferrettiet | Italy Impactof distance | Journal Geographic The main
al. (2022) on innovation. article proximity actors share
ideaghrough
close
geographic
proximity.
Combes France | Establish the Book Clustering Better job
and determinants matching
Gobillon of creates
(2015) agglomeratio productivity
n effects. gains.
Evans UK Establisnhessons | Report Agglomeratin | Agglomeratim
(2023) and best practices and knowledge
from agglomeration). spillovers.
Ganguliet | USA Use patent filings | Journal Innovation Geographic
al. (2020 to analyse the article distance is a
effect of barrierto tacit
knowledge information
spillovers due to flows.
locating in a
cluster.
Berkesand | Canaa | Is innovation Journal Innovation Differentiated
Gaetani greater inhigh- article inventions
(2019) densitycities? happen in
clusters as

79




they enable
the
combination
of different
technologies.

Leiponen | USA | Assess the link Journal | Skills and Humancapital
(2005) betweeremployees' | article innovation is an enabling
skills and firm factor in
innovation. profitable
innovation.
Bikardand | USA | Doclustersplaya Journal | Clustersand Being in an
Marx role in linking article academic industrial
(2020) academia and impact cluster
corporations? improvesthe
academic
performance
of a
university.
DePropris | UK Study the link Journal | Clustersaand FDI has the
and between FDI and article FDI greatest
Driffield clusterdevelopment. impactonan
(2006) existing
cluster,
generating
productivity
spillovers.
Giustiziero | USA | Doincumbenfiirms Journal | Learning Incumbent
et al learn from new article dynamics firms learn
(2019) entrants to the from new
industry? entrants
and, hence
improve.
Sorenson | USA | Isclusteringdueto Journal | Clustering Clustering
andAudia entrepreneurial article enables
(2000) opportunities? individualsto
accumulate
the
knowledge,
social ties,
and
confidence
necessary to
create a new
venture.
Bell (2005)| USA | Assess the impact of| Journal | Innovationin | Locatingin a
clustersandnetworks | article Clusters cluster
on a firm's increases a
innovativeness. firm's
innovation.
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Marshall UK Principles of Book Fundamental | Firms have
(1920) Economics economics advantagem
highlightedthe clusters.
advantages of Informationis
agglomeration shared as if
in the aif'.
Porter USA | The Competitive Book Diamond The
(1990) Advantageof Nations model competitive
advantagef
nations is
maintained
through
highly
localised
processes.
Christense | USA | Thelnnovator's Book Innovators Established
n (1997) Dilemma Dilemma 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 matteesfiber optic communication has blown away the
blocking walls that prevent information sharing. Yet the facts contradict his,the$4% of
investments are local and natréign drect investment (FDI) (Altman and Bastian, 2022).

It is a parad oxthatdespitecommunicatiorand transporimprovementsnablingfirms
to moveoperationsacrossthe globe that somdocationsattractand keepfirms, proving to be
“sticky locations” (Markusen, 1996). Competitive advantage is “spiky” and concentrated in
small geographicdbcations (FloridaandKing, 2016). The globalinnovationindexvisually
shows themost intensive science and technology clustergDutta et al., 2022b). The
concentratiorof venture capital clusteris shown in Figure 21 and demonstrates despite
improvements in technologyhat, the world is still highly local, with related industries
clustering together. Stein¢t998) stateshat it is not factor conditions such as “cheap land,
labour, or energy, nor even high subsigiedlow socialcostsnorevenhigh technologtrong
andleadingindustries'thatare decisive in theompetitiveness of a region. Itdkisters thaare
the decisive element for the competitivenesregion andhation. Innovatiomendgo bemost
focusedin geographically boundedlusterswith denseconcentrationsof resource and

capacitiesvith anetworkof people
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enabling the sharing of information and resources creating arsystem’of interdependent
entities (Budden and Murray, 2019).

Venture Capital Investment

(U.5.5, Millions)
10,000
5,000 Martin
Prosperity
1,000 Institute
a 100 J

Figure2-11 VenturecapitalinvestmeniSource:Floridaand King, 2016b)

Theworld is not flat, asit hasbeenshown thafirms gain a competitiveadvantagédy
being groupedn clustersof relatedindustries(Bell, 2005, Delgadoetal., 2014, Porter, 2000,
Simmie, 2004 Tallman et al., 2004). The idea of a cluster is not,r@saMarshall (1890)n
his work, identified industrial districts and emphasised the role of the agglomeration of
industries. Marshall suggestknowledge sharing as a critical advantage of agglomeration. In
particular, information is shared easily asiik“in the aif. Some localised and specialised
information sharing appears to happen only intaekace encounters. The quality and quantity
of knowledgdlows decayrapidly with distancgFerrettiet al., 2022). Evan$2023)identifies
that knowledgespillovers can decay significantly over distances as short as 250 meters.
Clusters offeinherentadvantagesf large labour markets,improved connectivity,and the

potential for knowledge spillovers. The clustspecific 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 innovaierkes
and Gaetani, 2019). Studies of patent filings have shown that originators of the “same claim”
patentsare highly likely to live in thesamelocal area.The inventorsmay not knoweachother
but still makeinnovativebreakthroughs at tlsametime (Ganguli et al., 2020). Flows tdccit
specialised knowledge reduce as distaimuaease.

Clusters can create a strong identity and brand. In some cases, the culture and
behavioural norms are so embedded in the cluk@rthey last for centuries (Staber and
Sautter, 2011).

Lack of skills is the most important barrier to profitable innovation. Innovationis
requiredbeyondpureR&D to beprofitable. Beingn a clustermakest morelikely thata firm
has the required complementary skills to successfully innovate (Leiponen, 2005). A cluster
enablesimproved job matching betweenemployeesand employers.Hiring workers from
productive firms increases the productivity of less productive firms (Combes and Gobillon,
2015). Theémprovedjob matchingis responsibldor 15%of the productivity gainsn clusters.
The clusteringeffectenablesiew entrepreneurt be createdmorefrequently. Sorenson
and Audia (2000) claim individuals gain knowledge and social ties that enable them to
achievethe resources and confidence to start a new venture. A key characteristic of a cluster
is the greater rate of startups compared teatastered regions. Once the entrepreneurial
process begins, it can become seiftaining.

Significant productivity spillovers from FDI firms asehieved in clusters but not in
non-<lustered industries. FDI will have a positive impact on local firms in a related cluster; the
positive impact of FDI is reduced in natustered locations (De Pragprand Driffield, 2006).

The FDI firm also experiences positive impacts through being in a cluster. dédashown
thatmedicaldevicecompaniedearn from new entrantsandfurtherdevelopthe 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 finendation of regional competitive advantage
(Hill and Brennan, 2000).
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2.12.

The literature review has identified common characteristics of industrial clusters, which are
summarisedn Tables2-8. Theclusteringeffectis applicablein awide rangeof industriesand
geographiesPorter(1990)givesexamplesof theclusteringeffectin theGermanprinting press
industry, American patient monitoring industry, Italian ceramic tiles and Japanese robotic
industry. Ferrettiet al. (2022) identify biopharmaclustersin Bostonin the USA and in
Cambridgein the UK. Bergman (2008) identifiesthe automobile clusterin the USA and

information technology in Boston. The clustering efféenefits all actors (Delgado et al.,

2014, Porter, 1990).

Characteristics of anindustrial cluster/ecosystem

Table 2-8 Characteristicsf industrial cluste(Source/Author’'s own work)

Characteristic

Supportinditerature

The availablepool of skilled labour.

Hemmertetal. (2019); KimelbergandNicoll
(2012);Evans (2023)l_eiponen (2005)

Good job matching between employee;s
and employers. If themployeehasajob
they like and are productive at.

Combesand Gobillon (2015)

Collaborativeculture/sharingof ideas.

Chandlerand Saxenian (1995); Evans
(2023); Ferrettiet al. (2022); Marshall
(1920); RuniewicaVardyn (2020);Cooke
(2005);Hermelinetal. (2014); Tallmanetal
(2004)

Third-level institution presenin a cluster
e.g. universityor 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); Guzmanand Stern
(2015);Cooke(2005);Fritschand Slavtchey
(2007)

Third-level institutionsproducehighly
cited papers on the same topic as the
cluster.

Bikard and Marx (2020)

Proximity: Clustermembersarespatially
close to each other.

Evans (2023)Porter (2000)Ganguli et al.

(2020); CombesandGobillon(2015); Tartari
etal.(2021);Zuckerand Darby (1996);Bell

(2005); Fritsch and Slavtchev (2007)

SpecialisationClusterfocuseson a

Tallman etal. (2004) Fritschand

strongbrandor identityassociateavith
them.

specificindustryor sector,enabling Slavtchev (2007)
expertise in that field.
Cluster identify: Clusters often have a | Staberand Sautter2011)

Significantincumbentfirms or FDI to

sustain the cluster.

DeProprisandDriffield (2006);Giblin and
Ryan (2015)Delgado et al. (2014)
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Highlevel of entrepreneurshigstartups,
and high quality of startups.

Eli (2022); Audretschet al. (2020);Eli,
(2022) Feld (2020); Florida and King
(2016); Guzman andtern(2015)

Highinnovationis demonstratethrough
high rates of patenting.

BerkesandGaetan{2019);Leiponen(2005);
Porter (1990)Delgado et al. (2014)

Startupsspawnfrom previousstartups.

Chatterji(2009)

Entrepreneuriatecycling.Entrepreneurs
have multipleventures, funding and
mentoring other firms.

Masonetal (2014)

Avalilability of fundingandventure
capital.

BuddenandMurray (2019);Avnimelechet
al. (2007)

Positive externalities: The cluster
produces positive outcomesich as
increasecemployment, economigrowth,
and improved infrastructure, which
benefit the region.

Tallman etal. (2004); Delgadoetal (2014);
Porter (1990)

2.13.

Porter's Diamond model

Modelsfor industrial clusters

Theindustrial clustecconcephasrapidly risento prominencebasedon Porter'§1990)
book “The Competitive Advantage of Nationghe clustering concept became the standard
economicprescriptionand achievedoolicy stardomasthego+otool for regionaldevelopment
(HarrisandMenzel, 2023). Porter's model (Figurel2) 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 someations aresuccessful and others aret. Heproposes thdiamond model

answers why nations are successful in some niche industries but fail in others.
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Firm strategy, structure and
Chance Rivalry

\ . .
Multinationals

Competitor can be low-cost

\ site within network.
Growing startup culture.
B
Factor Conditions Demand Conditions
Skilled Lat_)our . . Global market.
Collaborative organisations

Funding

Related and Supporting Industries \

Local suppliers
University links
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Figure2-12 Porter'sliamondmodel (Source: Portet990)

Porter(1990)presented casstudiedasedon 10 countriesvith successfueconomies.
He defined a cluster as a “geographic concentration of interconnected companies and
institutions in a particular field.'ndustrial 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 compaaiesdirectly
influencedby thelocal businesnvironmentPorteradvisegjovernmentso createnigh-quality
inputssuchasan educatedvorkforceandphysicalinfrastructureandadvisesagainsttrying to
create entirely new clusters where there is no indication of an existing cluster forming.

Porters definitionof a clusterhascreatedcconfusion. Itdoesnot definespatialsize, nor

does itdefine 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

industryasthekeystakeholder# innovation responsibléor theclustersof Silicon Valley and
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Routel28. Theinteractiondbetweerlniversities,Governmentandindustrycreatannovation

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 clusteknown as'‘Routel128”. EtzkowitzandZhou(2014)statedhatthetriple helix

model carbe usedto strategicallycreatea sustainabléinnovative region”. Anentrepreneurial
university interacting with industry and government can create a successful ecosystem
anywherelt is claimedSilicon Valley wascreatedhroughauniversity with porousboundaries
(EtzkowitzandZhou,2018) Miller andAcs (2017)claim Westernentrepreneuriaécosystems
typically exist around worlgtlass research institutes. The model shown in Figuté &
visually represented by three circles representing government, universities, and industry. The
overlappingindicategheinteractionbetweerthem.GuzmanandStern(2015)andFritschand
Slavtchev (2007ghow that entrepreneurial activity near research universities is of a better

qguality thanin regionsin the samecity that are more distant. Etzkowitz claimsit is the

Figure2-13 Thetriple helix, (Etzkowitzand Leydesdorff,1995)

interactive dynamic between the actors that is critical for the success of an eco€yxiken.
(2005) agrees with the clustering effect, stating that stakeholders gather in clukielns,

produces superior knowledge performance.

Quadruple Helix

Carayannisand Campbell (2009) proposed a ‘Quadruple helix’ (based on the ‘Triple
Helix’) as a theoretical framework for innovation systefiiige '‘Quadruple Helix' emphasises
theimportanceof alsointegrating theerspectiveof thepublic/civil societythrough mediand
culture.The quadrupléhelix is modelledwith the additionakircle representingivil societyas

shown inFigure2-14. Thegovernmenmustcommunicaténnovation strategwvith the public
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to maintainsupportfor theinnovationpolicies. The quadruplehelix stepsawayfrom thelinear
top-down experdriven development to one that enables engagement with consumers and
customergArnkil etal.,2010). Theguadruplehelix enablegshedemocratisatiof knowledge
(Carayannisand Campbell, 2009).

Government
Brvices

A

Academia

Figure2-14 Thequadruplehelix. SourcgAuthor's own schematigvork basedon Arnkil et
al., 2010)

Carayannisand Campbell (2009%laims tat 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 characteriséy multiple disciplines working together on the knowledge
creation. Mode 3 emphasis¢lsat knowledgecreation occursat different scalesfrom the
individual to institution to larger macro or global level, the entire ecdesgsneeds to be
considered (Carayanned Campbell, 2009). People, culture, and technology combine in the
different elements of the quadrupielix resultingin afractalike structure.Thereareseveral
methodgo engagesociety inthe developmenprocesdiving labs,field trials, societalpilots,

and marketpilots (Ballon et al., 2011).

88



The Quintuple Helix Model.

The triple helix innovation model focuseson the interactionsof the university
government aneéhdustry. The quadruple model adds the public and civil society as a fourth
element The quintuple model is broaderby adding ‘natural environmentsof society’
(Carayannis et al., 2012). The Quintuple Helix stressesoitieecological transitioof society
and economy in thiventyfirst century, addingcologicalsensitivitytothe model. Figure2-

15 shows a model of the Quintuple helix.

NEEN en\;irom
Media and culture-based
public

State, government

Industries, firms,
economic systems.

Figure2-15 QuintupleHelix (Source: Carayannet 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 Tinedgliadruple and
Quintuple helix build on the triple helix, so they have the sameissue of not atemping to
implement a top-down approachthat entrepreneursand scientiss feel excludedfrom. By
focusingonthesystem, 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 213) are not enough to generate entrepreneurial activity. Based on eBstarthpack
et al. statethatthe commercialorld, alongwith entrepreneurdavevery little connection to
thegovernmentand university worldA 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 thenseeFigure 2-16. Thedoublehelix model argueshatentrepreneurship
andinnovation areelated 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 thentrepreneuwith critical human,technicalandfinancial resourcesBrannback

et al. (2008) recommends the bridging asaetscommercial firms that seek out viable ideas

for commercialisationAlthoughnotcapturedn thevisual model,the doublehelix requireshe

presence of several actors to be successhdse are: active customers, innovators,
entrepreneurs, venture capitalists, exit markets that facilitate the change of ownership and

industrialists who scale ideas.

Figure2-16 The DoubleHelix Model (Source:Author s own schematievork basedon
Brannbacket al., 2008)

Brannbacket al'sconclusionsandmodelis basedna studyin Finlandthatincluded50
in-depth interviews.

Fornahlet 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 matelators,

networks, and institutions.
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The Entrepreneurial Eco-System

Cohen (2006) first proposed the entrepreneurial sgstem (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 ecosystenis associatedvith biology andis definedas the physical environment
andall interactionan thecomplexof living andnondiving componentgStam,2015). Drawing
on workdoneon clustersijndustrialdistricts,andhelix modelsthe entrepreneuriaécosystem
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 Etam (2015) created a model that includes insights from
literatureandincludescausalinks Figure2-17. EE focusesn highgrowth startupsanddoes
not count traditional measures does not include the traditional statistical indicators of
entrepreneurship, such as “sethployment”. EE consists of a diverse set of interdependent
actors within a geographic region that influence the formation and eventual trajectory of the

entire graip of actors and potentialthe entire economy (Cohen, 2006).

Aggregate Value Creation

Entrepreneurial Activity

Entrepreneurial Ecosystem Elements

[

Figure2-17 Keyelementsputputsand outcomeof theentrepreneuriadcosystem
(Source:Stam, 2015)

Elements of the EE can be separated into framework conditions and systematic
conditions. The framework conditionsinclude institutions of the physical infrastructure
enabling humainteraction.Culture will impact howpeople interacind beaffectedby the

institutionspresent. 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 adddte 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 entrepreneemable effective information flowsThe
availability of talent in the form of skilled workers is an essential building block. Support
services from a variety of providers reduce time to markettaamer barriersThe 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 ecosystem

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 moakdmonstrates thactors and cultures are part of a university
entrepreneuriakcosystemMiller and Acs further suggestthat liberty and freedomare key
cultural attributes of an entrepreneurial ecosystem. The boundaries of the university are
represented witllashedines, indicating they are permeableand welcoming (Figure 2-18).

Breznitz (2013) highlights the importance of the campus having permeable boundaries
allowing interactions with external organisations. He stdtaslegislation and relationships

are the factors that control tfew of technologybetweernuniversitiesandindustry.Increasing
universities’ permeability is important to developing relationships in an entrepreneurial
ecosystem.

A university that is part of a cluster has better academic performasadhe journal
impactis 41%higherandtherateof citationis 81%greater(Bikard andMarx, 2020).A healthy
ecosystem improves the flow of academic discoveries to industry. The presence and size of a
university do not significanty impact innovation. The quality of researchas measured by
external funds attracted, is statistically related to innovation in the ecosystem (Fritsch and
Slavtchev, 2007).
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Figure2-18 TheCampus asnentrepreneuriaécosystem(SourceMiller, andAcs, 2017)

Eco systems, capacities, and stakeholders

The Massachusetts Institute of Technology (MIT) model ansgstem as a
geographically bounded location in whighnovationdriven entrepreneurship flourishes
(Budderetal., 2019). Thalefinitionof innovation fothepurpose®fthemodel isthe“process
of taking ideagrom inception tampact”. Figure2-19 showstheecosystenfiramework.There
are four key elements foundational institutions, innovation and entrepreneurial capacities,
comparative advantage, and impact.

Foundational institutiongnclude therule of law, protectionof intellectual property
rights, strength of financial systems, and standard of political governance. Innovation and
entrepreneurial capacities are modelled as two connected but separate capacities eof the eco
system. This is similar to the double helix mothaltBrannback et a2008) developed. has
separate innovation and entrepreneurial assets. The comparative advantage is demonstrated
throughareasof expertise specialismspaturalresourcespr assetsThe comparativeadvantage
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 isthe outcomes of the ecosystem system. Outcomes could be measured in several ways
for examplethe numberof innovative startups,patentdssuedor broadereconomigrogress
(BuddermnandMurray, 2022). The outcomegypically only changein a measurablavay after a
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prolonged period of time.

Comparative
Advantage

Foundational Institutions

Figure2-19 MIT model innovation eceystem(Source:Buddenand Murray, 2019)

Thetwo capacitiesaredescribedasthetwin enginesof thesystemlnnovationcapacity
(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.

Entrepreneurshiapacity(E-Cap)is alocatioris capabilityto formnew enterprisesit
is Innovation Driven Enterprises (IDE)at arerelevant to the ecosystem. IDEs drive growth
and makegroundbreaking changes (Budden et al., 2019)ir Gapacity is the ability of the
systento translatenputstooutputs specificallyinnovativeor entrepreneuriabutputsTheMIT
modelsfive inputstothe I-CapandE-Cap.The five critical inputsareHumanCapital,funding,
infrastructuredemandandcultureandincentives.Thefive critical inputs along with suggested
measuresare shown in Figure 20.

The MIT model suggestiomeasureshe capacity inputs and outputs. For human capital, the
measurancludesquality of educationjevel of educatiorandemploymentin their fields.

Unlike theHelix modelgheMIT modelis veryspecificonmeasure$or theEco-system.

Specific measures enable areas of weakness in the ecosystem to be identified and acted on to
improve the Eco-Systemhealth.I-Capoutputmeasuresould includeresearctpublications

or patent applications,-Eap measures could include startup enterprises and their jriigract

example jobs created.
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Figure 2-20: Innovationand EntrepreneuriaCapacitiesThe twin enginesof the ecosystem
Source: Budden and Murray (2022)

The MIT innovation ecaystem model has five key stakeholder groups that interact
with each other through the esgstem(see Figure 21). The stakeholders consist of the 3
stakeholders of the triple helix proposed by EtzkoaitdZhou 018) andadds entrepreneur
andrisk capital. A successfuécosystemequirestheactiveengagemenof all five stakeholders
(Buddenretal., 2019).Risk capitalis morethanjust venturecapital;it is any meansof funding

newenterprisestor example governmengrantspankloansandloansfrom friendsandfamily.
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Figure2-21 Stakeholders ianinnovation ecosystenfSource:BuddenandMurray, 2019)

Comments and summary on cluster / ecosystem models

Since Marshall's (1890) worikdustrial districts has proven to be an enduring theme
that has been builtponfor overahundredyears.Despiteunforeseeablehangesn technology
andtransport 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 beingssential. The ecosystem metaphor is useful as it gives a sense that the
system can grow and thrive or decline and die. Detroit’'s@uster is an example of industrial
clusters whosencegreatstatusiasdeclinedanddied(Bergman2008).TheTriple Helix model
offers a recipe for building an esystem, world class universities, government spending with
industryexploiting thefruitsof theecosystem(EtzkowitzandZhou,2018). Themetaphoiofthe
Triple Helix hasbeenstretchedvith addedayersof societyand environmeniCarayannisand
Campbell, 2009)JArnkil et al., 2010; Carayannis et al., 2012). The Hefigdels,despite
becoming more complex do not include actors that are fundamental to other models, in
particularthe entrepreneuandfinancial investorsarenot seenascore partsof the model. The
Helix modelsappeatoignore successfuindustrial clustershathavedevelopedvithoutworld

classuniversitiesor establishedndustry to take advantage of research. Maurdiegelopeda
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medicaldeviceclusterby creatingsympathetigoliciesthatencouragethvestmentindexports
(Mauritius, 2023), Irelanctreateda medicaldeviceclusterthroughFDI encouragedby policies
and availability of skilled labour (McKernaand McDermott, 2022).

Miller andAcs,(2017)campudasedcosystendoesncludeawiderangeof actorsput
themodel isbuilt arounduniversityasthecreatorof innovation, itis notsuitableif we wishto
consider entrepreneurs from a wider environment.

The MIT model of the innovation ecystem builds on the academic rigor of other
models and has been used as a framework for Regional EcoAoonateration Programme
(REAP).The REAPprogram has been used to create successful strategies for regions. Figure
2-22 showshowtheelementsof theentrepreneuriakcosystemalign with theMIT Innovation
EcoSystem. The core of the MIT Innovation system rests on the Innovation and
Entrepreneurial capacities, these align with the double helix model which usesntke te

innovation and entrepreneurial assets.

Aggregate Value Creation

Entraprenaurlal
Assels

Entrepreneurial Activity

Comparative
Advantage

Entrepreneurial
Ecosystem Elements I-CAP

Foundational Institutions

Figure2-22 Alignment betweerMIT InnovationEco-Systementrepreneuriadcosystenand
thedouble Helix (SourceAuthor's own work)

The entrepreneuriaécosystemmodel proposethy Stam(2015)alignswith thelayers
in the MIT innovation model. The framework conditions of émerepreneurial model align
with thefoundation’danstitutionsof the MIT model.Figure2-22 showsvisually the alignment

of the layers.

97



2.14. The Boulder thesis

The Boulder thesis proposes principles that create and sustain a successful
entrepreneuriagcosystem.Feld (2020)developthethesisbasedon hisinvolvementwith the
Boulder Colorado statip 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 logrm commitment tahe community, Feld suggest twenty

years.

3) The community must be inclusive and welcomiAgsuccessful 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 Figia®. 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 furretipimed to ensure

Entrepreneur -

success of stadps.

Service
Providers K b
N Risk
University S :'.' """""""""""""""""" T - = capital

Government Corporations

Figure2-23 Stakeholderi thebolderthesig(Source: Feld2020.
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The bolder thesis describes principles that can be observed through behaviours of the
ecosystemln effectthesebehavioursarethecultureof theecosystem.For example principle
four is the ecesystem must have regular events, which are inclu3ivese events are part of

the culture of the eco system in action.

2.15. Problemswith clustersand 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 fstems is a ‘sadttive’
concept, but popularity does not mean the concept is without problems (iadtBunley,

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 evaluatetieldla(1998), suggests Porter’s

work andthe clusteringframeworkis popularasit providesan‘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 sgaaf 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 addkesgman’s, (1994)point that nations and
regionsdonot competewith oneanothelin theway thatfirms do. It istherateof productivity
growth that determines the prosperity of locations, cities, and regions. Krugman argues
productivityis notrelatedto competitivenessPortersdiamondmodelassumes 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 distamce
‘geographically proximate’ is not defined nor is the term interconnected. May et al., (2001)
statetheproximity extends to ‘fifty miles. ZuckeandDarby, (1996) highlight that withoainy
cultural or language barriers the rapid diffusion of learngdpst on the continental scale.
Tartari et al., (2021) showed learning and knowledge shatiogpedrapidly at distances
greaterthan5 miles. Ferretti eal., (2022)based ora studyof venturecapitalinvestmentsand

intellectualpropertytransfersfound that the quality and quantity of
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knowledgeflows clusterremembersxperiencedignificantdistancelecay Oftenthe
mainactorswereonthesamestreet or building. Storp@mnd Venables, (2004) refer to the
buzz of faceo-face contact and how intangible items such as intellectual property (IP) has
very high “shipping costs”. The high shipping costs oékplains 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 definitionof proximateis notdefinedby Porternor doeshe define'interconnected
companies.Valkokari, (2015)statesherearediversetypesof ecosystemsandtherulesof 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 MasorBaodn, (2014) observation that
every cluster is different and unique. Does this now mean an infinite variety of models is
required Asthedefinitionof aclusteris vaguethetermhasbeerappliedto almostany problem
that can have a collective solution (Rosenfeld, 2001). Just because there is an association
between some highgrowth industries and various forms of geographical concentration does
not meanthatthisconcentrations the main causeof their economicgrowthor relativesuccess
(Rosenfeld, 2001).

Every advantagthataclusterofferscomeswith a corresponding disadvanta@dartin
andSunley,2003). The downsidesthatMartin andSunleyidentify for clustersare symptoms
of successHigh job growth mayleadto high staffturnover,but thelogical counterfactuabf
job growth is highunemployment, which is not a credible alternative. Taldi®s advantages

and disadvantages of clusters.

Table2-9 Advantagesnddisadvantagedf clusters (Source: Alaptedfrom Martin and Sunley,

2003)
Claimedadvantag®f cluster Potentialdisadvantage
Highergrowthand productivity Inflation in labour, rents, and property.

Capacity concerns and material shortages.
Increasedprofitability. Wideningincomedisparities.
Increased  competitiveness  through Lockedinto atechnologydeadin.

specialisation.

High job growth and googbb matching. High staff turnover/traffic congestionand
housing shortages.
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Collaborativeculture/sharingof ideas Loss of control of IP and losing competitive
advantage through other firms coping IP.
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Claimedadvantag®f cluster Potentialdisadvantage

Proximity: Cluster members are spatially Traffic, capacitybottlenecks.
closeto eachotherenabling sharin@f ideas

2.16. Comparisonof real-world clusters

In this sectionthe researchercomparess different clustersfrom aroundthe world.
Reviewingthevery differentoriginsand characteristicsef 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®he 17
centurytaking advantage dbcal factorconditionghat providedresources oiron, 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 particulamsgtitutional 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 (Konig, 2023). This externtireat along with lower costs locations is encouraging
increasechetworkingamong firmsin formal organisationsuchasMedicalMountains(Konig,

2023). MedicaMountainoffersa networkto supporttheclusters’growthanddevelopment. 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).

Mauritiusis aremotelslandin thelndianocean2000 kilometregrom the EastAfrican
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 manufactufudy( 2017). Mauritius
medicaldeviceexportsaremainly to FranceandIndia(Mauritius - Medical Equipment2023).

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 19%@siisted to
havebecomea clusterin 2015 (LEFEVRE, 2023). Themain productsare catheterssanitary

masks, syringes and protective equipment. The country has systematically improved
supporting infrastructure developing clinical with the capabilityamglete trials (Mauritius,

2023). Mauritius is an example of a clusterthat was createdprimarily 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 Wiliam Shockley established Schockley
Semiconducton SantaClarain California(Kenney, 2017). SilicoWalley hashadremarkable
success in spawning firms that have changed the world Intel and Google are two examples.
Silicon Valley can beconsideredhe“800pound gorilld of innovationclustersandhightech
startups with 42% of the total USA venture capital invested there (Stephens et al., 2019).
Etzkowitzand Zhou, (2018) claims the secret of the valley’s success is the triple helix of
academia, industry, and governmeftey put the original success of Silichialley down to
universities with porous boundaries. In studies high potentiatigbarin SiliconValley have
beencentredaroundresearchnstitutionssupporting Etzkowitzlaim thatacademidnstitutions
areatthecentreof thevalley’s succes§GuzmanandStern2015). Gold(2018)claimsBerkeley
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 tmexaialise the intellectual
property. It was the interplay between teams of entrepreneurs and institutions that created the
ecosystemnotatop-downstrategy(Kenney, 2017). Ventupitalindustrygrew supporting
the growth of the vibrant eco system and making the valley less dependent on government
contractsThe growthof Silicon Valley wasthankdo theparallel expansiorof venturecapital
funding (Kenneyand Florida, 2022). Guzmaand Stern, (2015) list85 of the stes that are
considered part obilicon Valley, wherethereis a line of high entrepreneuriabctivity that
stretchegapproximately30 km (19miles)from Redwoodo Sunnyvale. Sixitiesareshown in

Figure 2-24 thathavehigh entrepreneurial activity and make up the core of Silicon Valley.
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Figure2-24 Citiesin Silicon Valley with high entrepreneurialctivity. (Source Author's own
work).

A twenty-kilometre square can enclose the six kites of Silicon Valley. Stanford
university is physically close to the centide entrepreneurial output of these cities is ninety
times that of the lowest entrepreneurial cities in California (GuzmarSgerd, 2015). This
entrepreneurialreais highly local with significant variationson individual city blocks. A
successful cluster appears to be about more than academia, government and indusey. C
and institutional structures are important in fostering networks, which enable entrepreneurs to
aacessandmobilize theresourcesequiredto launchnewstartups. Sociagroupsandmeetups
playanimportantpartin fosteringnetworksandgettingentrepreneuridblentto stickin aregion
(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 withsupport from thenilitary and the space program. The cluster specialised in computer
hardware and software, employing 250,000 people within mi@0radius of Boston. Route
128 establishedloballeadershign minicomputersproducing thdirst computerfor lessthan
US$20,000 and supplying 70% of the production in the W3&fman, 1983).

Academic institutions createatdvancedactors giving the cluster an advantage. For
examplejn 1980MIT producedB0%of thegraduatesired by thehightechfirms of thecluster
(Resultsof Survey orHumanResourcdNeeds1981). Thedevelopmenbftheclusterhasbeen
largely indigenousndspontaneou@®orfman,1983).With thed ownturnn minicomputersthe
cluster was forced to reinvent itself. Boston now has one of the largest agglomerations of
Biotechnology irtheworld.In 2015, U5$2.%illion wasinvestedn 91biotechnology startups.

The boomin Biotechcanbetracedto thefoundingof scientistfrom the local universitiesof
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two majorBiotechfirms 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-
SmithandPowell, 2007). Both Silicone Valley and Route 128 have clusters based olydense
interconnected networks. Although the clusters are similar, they have developed differently.
OwenSmith and Powell, (2007) found from a study that ialtiBio-tech firms in Boston
developed links with public institutions such as Universities. In Silaltey Bio-tech firms
developed links with venture capital firms firéts the clusters matured both expanded links
with networks of industry, venture capital firms and academic institutions (Quwutt-and
Powell,2007). Boston successfullyeinventedits clusterand avoidedthe technologylock-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 (BaardG ereffi,
2013; McKernanand McDermott, 2023). AnEnglishspeakingworkforce, competitive tax
rates and actively promoting itself encouraged Foreign Direct Investment (FDI) in Ireland. The
MNE firms helped develofhe cluster'scapabilitiesand competenciesriggering a wave of
medical devicestartups (Giblinand Ryan, 2015), creating a “virtuousrcle of a vibrant
cluster”. The MNE firms are part of a global supply chain which is highly associated with
spatial concentration (Groveand Lall, 2021). The Bioinnovate program based at the
University of Galway has been highly succesgfutreatingnew medicaldevicecompanies
(Brinton et al., 2013, BruzziandLinehan, 2013a, Fritzschet al., 2021, McGloughlinet al.,
2018, O’Halloran2022, 2023, ToshihidandNobuhiko,2018). The programis creditedwith
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 amdcDermott, 2024a). Table P9 compares clusters.
Comparing these clusters to the definition of a cluster helps in making the definition
specific. Porter, (1990) used the definition & feographically proximategroup of
interconnected companies arabksociated institutionsin a particular field, linked by
commonalites and complementarities Comparing the geographic size of the clusters
reviewedin this chapterevealsall the clustersarerelatively compact Silicon Valley couldbe
placedin arectanglewith 20kmsides.Theactorsor stakeholderg theclusterexpandbeyond
the 3 actorsin the triple helix model. The entrepreneuand venture capital are the key

stakeholders missing from the triple helix model.
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Table2-10 Comparisorof clustergSource:Author's own work)

Cluster Geographic Key actors
proximate(sidesof a| (associations/institutions)
square that can
enclose the cluster)
Tuttlingen 5km Industry
Venture
Capital
Universities
Mauritius 10km Government,
Industry,
Silicon Valley 20km Industry
Government
Universities
Venturecapital
Entrepreneur
Routel28 15km Universities
Industry
Government
Venturecapital
Entrepreneur
Galway 10km Industry(FDI)
Government
Entrepreneur
Universities
Venturecapital

2.17. Cluster models

Theresearchewill usea clustermodel tadevelopastrategyfor theGalwaycluster This
model will be used to structure the fieldwakd researclinderdiscussion Portels diamond
modelproposeghatit’s thelocalcompetitiveforcesthatmaketheclustersuccessfulln thecase
of theGalwaycluster firms areselling globally andarenotcompeting inthe homemarket.For
the MNEs, theggreatestcompetitionis from sistersiteswithin their own network. Themodel
could be used to analytlee Galway clustebutit is not an ideal fit.

The Helix models are focused on academia, industry and governgreating
industrial clustershatcontinually evolve. Themodel misse&ey actors for example it canbe
shown new statips in Silicon Valley first make formal links with venture capitalistfore
academic institutions (OweBmith and Powell, 2007). Millerand Acs (2017) model of an
academic campus as an entrepreneurial ecosystem places the academic institution at the centre
andasthedriver to creatingan ecosystem.The Galwayclusterwasnotinitiated by academic

institutions making the premise of anspus as an Entrepreneurial Ecosystem a poor nmatch
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the case of the Galway cluster.

Cohen's (2006) entrepreneurial ecosystem model details a wide range of stakeholders
andincludesoutcomes, whiclareimportantfor a successfustrategyThe ecosysters based
on aframeworkand systematicconditionsand considersa wide range of elements, such as
culture, networks, infrastructure, and demand.

The MIT Ecosystemmodel placeshe entrepreneuasthekey actorin anecosystem.
It has beershown thathe attraction and retention of entrepreneuwesmportant to the local
and regional economies (Florida, 2014). The MIT model builds upon previous academic
models forexample usingthedoublehelix modelaspartofits capabilities The MIT modelhas
specific measures that are aligned to the capacities of tksysimm. The soft side of an e€o
system is considere@dnd culture and incentives aneluded in the capabilities. The actors
modelled in the ecosystem match the Galway cluStez. MIT model isa good fitfor the
Galway cluster becaugbe ators align with those present in Galway. The explicit measures it

suggests enable tloeitcomes of a cluster to be measured.

2.18. Gapsin literature that are addressedoy this research.

Although the medical device industry and the medical device clus(galimay hae
been studiegthese 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
descriptivein nature.An exampleof descriptivepapersinclude McGloughlin et al. (2018)

Bruzzi and Linehan(20133, Fritzsche et al(2021), McCormack et al(2015) andSharif and
Quinn(2021) All of the papers discuss the Bimovate progranandits benefits. The analysis

of Bio-innovate is usefulthe 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
investmeni{McKernanand McDermott,2024a),butnoneof the publicationsin the SLR offer
a model for the Galway clustérhe Etzkowitzand Zhou (2018) triple helix model has become
a classicrepresentatiomf a cluster however thismay notbe suitablefor a clusterthat was
initiatedby multinationals rather than a university campus. Porter’'s diamond or SE4h%)
Entrepreneurial Ec&ystem are models that may represent the cluster but have not been
assessed in thieerature for their applicability to the Galway cluster. It has not been assessed

if using a model is useful idetermininga future strategy.
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Where recommendations are made, they either do not consider a bobstystem or
the recommendationgend to be broad without specific actions.An exampleof a broad
recommendatiois by Cunninghanetal. (2020), who recommends encouraging more
intrapreneurship in multinationals; however, thisrao detail of policy changeg€o make
this happenGiblin and Ryan(2012) provide an excellent summary of the cluster; the key
recommendation is tacontinuethe policy of attracting FDI and growing local industry”. The
recommendatioloes not suggest new actions to improve the health of the cluster. In the
paper‘From Bricks to Braing” Haugh (2013) has policy recommendation®n fostering
innovation, but they are focusedon national policiesuchas‘strengthening théigher
educatiorfunding systenandgovernance’. Theris agapin theliteratureon holistic
recommendationthatimprovethehealthof theecosystem.

The publicationshavelimited measurementsf thecluster.A keythemein theliterature
is innovation. The publications do not have measures of innovationtteréfore cannot
directly compare innovation in theedical device clusten 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 multinatifieaisiranovation
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 clusténs unknown as to whether tlidusteris best
studied as an ailand cluster, a region, or a very close geographic spawceverall criticism
of cluster theory is a lack of definition (Valkokari, 2015).

Culture is only superficially considered in publications. Papers hint at the culture
presentfor example McCormacket al. (2015)statethereis a prolific level of open innovation
in the Galway cluster. This suggests a culture of collaboration among stakeholdersargiiblin
Ryan (2015) state that multinationals are at the heart of a ‘vibrant’ cluster, this hints at the
culturepresenin theclusterandthatmultinationalshaveasignificantimpactonit. Theeffects
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 (199Yyans (2023)Ferretti et al. (2022Marshall (1920)
RuniewiczWardyn (2020) Cooke (2005)Hermelin et al. (2014)andTallman et al (2004).
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2.19. Summary and conclusionsof 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 growtthe industry faces constgmiceerosion.Thechaptemoves
froma global scale to a local obgfocusingon themedical device industry in Ireland using a
SLR. Four key themes evolved from this: Innovation, entrepreneurshiu/sgrtlusters/eco
systems and Bimnovate. 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 recommendfatigheindustry in
Ireland.The industryin Ireland facesrisks costsarerising, it is not alow-cost location,
regulatory changes will delay innovaticand theselling price for itgoroductsis relentlessly
falling. Published papers do not place Ireland in the global context and therefore
recommendations do not address falling pricesing costs and competition from a global
network.

Clusteringis thego-+o policy toincreaseproductivity,innovation,andcompetitiveness
(Rosenfeld, 2001). The chapter reviewed models for clusteringe@mslystems. Marshall’s
ideas on clusters from over a hundred years ago still provide a relevant framework. Recent
modelsof ecosystemplacetheentrepreneuasakey playerin theecosystem’'successWhile
institutions and physical infrastructure may be important, culture, networking and sharing of

ideas areat the heart of the current models of a healtioysystem.
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3. ResearchMethodology

3.1. Introduction

This research aims to develop a strategy for the Galway medical device lcassdr
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
processs discussegshowingthelogical flow, andtheresearchejustifiestheresearchmethods
chosen. Thdink betweerthe researchaim, objectiveand researclguestionss discussedThe
links between research gaps identified from the literature review and the research objectives
areexplained Thechapteriscusses howheresearcher'philosophicalapproachmpactedhe
researchmethodshosenA rationaé andjustificationfor mixed methodsesearchs presented.
Theresearchepresentshetheoreticaframeworkandrationak for choosing it.The approaches
to qualitative and quantitative research are detailed.I¥inbé limitations and justification of
the research methods are discussed.

Research methodology is the primary principle that guides this rese@ineh.
methodology is the general approach used in conducting the research on the Galway cluster
and it determingthe research methods used (Dawson, 2019). The research methods are the
tools used to complete the research, for examsplmistructured 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 bluepanhow data has been lted 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 examipie,description of the methods includb=tails
of the databases used amolw the queries were created.

The researcher's previous experience hagtelgxecuting the researchor 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 widerEuropearcontext.It hasalsoprovidedtheresearchewith anetworkof seniorlevel
executives and company founders who were available forgdemtiured interviews.

The researcherhas been enthusiasticabout collaboraing with a broad range of
stakeholders so thatishwork can contribute to practice as well as thedhe action research

aimsto effect desired change by empowering stakeholders with the required knowledge.
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3.2. The ResearchProcess

The research process is represented in Figdrer3dTable 31. Although it is shown
linearly andin theory the researcheican progressfrom one stepto 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; resitgjuch more complexthanthat.During the
researchthere have been significant iterative steps. The qualitative analysis and themes
triggered the requirement to complete quantitative research leading to new insights in the

qualitativeanalysis.

Aims &
Objectives

Literature
review

Knowledge
Gaps

Research
Questions

Qualitative ™

Data Collection
and Analysis

|

Buildsto
Exploratory
— Sequential
Quantitative Design

Data Collection

and Analysis

Interpretation

Figure3-1 Researclprocess(Source: Author's own work)
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Table 3-1 Overviewof theresearctprocess (Source:Adaptedby authorfrom Bryman 2015)

Positioningthe Research | 1. Identify abroadareaof | Clusteringeffectand
study strategy
2. Selecttheresearchopic | Medicaldeviceclusterin
Galway,lIreland.
ResearchPhilosophy 3. Decidetheapproach Pragmatism
Researclbtrategy 4. Formulate the plan by | Qualitativeinterviewsare
selecting the research supportedby quantitative
methods. data.
5. Collectthedata Sourcef evidence:
Semi structuredinterviews
Literature review
Quantitativeanalysis from
databases.
6. Analyseand interpretthe| Theoreticalframework
data
7. Presenfindings Summaryusingframework
3.3. Researchaims, objectivesand questions

Studies on the Galway medical device cluster do not propose overall strategies for the
clustertoimplement.The researchaim is to developa strategy fotheGalwaymedicaldevice
cluster based on the voice of the industry and academic literature. This will be achieved by
identifyingkeythemesandactorsthatimpacttheclusterand basedonthesedevelopingoverall
strategic actionslhe research aim gives the purpose of the project and provides clarity to the
researcher and reader (Nicholas, 20BHodyandBailey (2016) statehatthe first step of any
study isin developing the research aim, questions and objectives. They state a successful study
requires both an aim and objectives.

Theresearclobjectivesarelisted below.

x Contrastthe Galwayclusterwith existingindustrial clusterstudiedin literature.
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X Proposeaframework/model thas suitableto analyseclusterdGalwaymedical
device cluster in particular) based on academic literature.

x Describe the innovation characteristicspresentin multinationals and start
up companies in the cluster.

X Proposea strategyand metrics for the Galway medical device cluster based

on a holisticframework.

3.4. Knowledge gaps

In chaptertwo a SLRwascompletedo establishkknowledgegaps. Thisdentifiednew
opportunitiedor researcrandthemeswvherea contributionto knowledgecouldbe madeWald
et al. (2024) stateshata gap in literature provides a rationale for research and further study.
Identifying gaps in academic literaturdnerefore helps to advance and improve collective
knowledge. Identifying gaps in current literature is the dominant way of developing research
guestions(Sandbergand Alvesson, 2011) Therefore the researcher can usthis well-
established practice to confirm the research objectives and contribute to knowledge.

Tabel 32 lists the knowledge gaps identified in chapter 2 and the research objectives
that will be used to close the knowledge gap. By fulfiling the objectives, the researcher has
completed the core outcomes of the research and contributed to the daowywddge on

clusters.

Table 3-2 Knowledgegapsandresearclobjectiveso close(SourceAuthor’'s own work)

Knowledgegap Researclobjectiveto closethegap

A framework or model for the Galway Proposea framework/modekhat is suitable
clusterhas not been consideried to analysng clusters based on academic
publications. literature.

Wholistic recommendationghatimprove Proposeecommendationfor the Galway
the health of the ecosystem. medicaldeviceclusterbasedon aholistic

framework. and measures for the cluster.

There are no measures in the publication] Describetheinnovationcharacteristics
onhow multinationalsaffectinnovationand | present in multinationals arsdartup
the type of innovation implemented in companies in the cluster.

medicaldevicecompanies.
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Cultureis only superficially consideredn Determinethe culturepresentn thecluster

publications. andhow it affectsthecluster.

Publicationshavelimited measurementsf | Developmeasurement®r theclusterthat

thecluster. align to themodel selected.

3.5. ResearchPhilosophy

Moon andBlackman(2014) statethat understanding the philosophy that research is
based on is critical to ensuring thlé outcomes are appropriately and meaningfully
interpreted. Researcham only meaningfully be interpreted when decisions that affect the
research outcomes are understood. These decisions are based on philosophical, @usiples
if the researcher does not realiseTgang (2017) reviewed 50 articles on research philosophy
from leading journals. Table 3- summarises the articles comparing Positivism,
Postmodernism, Critical Realism and Pragmatism from the perspective of three philosophical
guestions: Ontology, Epistemology and Methodology.

Table 3-3 Comparisorof positivism,postmodernism, criticalealism,and pragmatism.

(SourceTsang,2017).
Positivism/ Subjectivism/  Critical realism  Pragmatism
Objectivism Constructivism/
Interpretivism
Ontology Social Reality is Objective, Objective
phenomenand socially stratifiedreality reality,local
their meanings constructed with domainsof and specific
have an through the real, actual, realities.
existencehatis  subjective and empirical
independent of meanings, consisting of
social actors. shared structures,

languageand  mechanisms
socialpolitics,  andevents

multiple
realitiesare
possible.

Epistemology  Empirical Knowledge Theoretical Conceptand
testingand producedby explanations theoriesare
verification of particular producedirom instrumentdo
theorieshased language empiricaldata  solvehuman
ona gamesyejection for describing  problemsrather
hypothetic of thestructures  than
deductive metanarratives and representations
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Positivism/ Subjectivism/  Critical realism  Pragmatism
Objectivism Constructivism/
Interpretivism
approach, to and acceptance mechanisms of reality; truth
discovelaw- of pluralismand thatgeneratéhe is anincreasen
like fragmentation observable the power to
relationships events, cope with the
that have emphasising environment.
predictive explanation
power over prediction
Methodology = Theresearcher Involvement Researcher to  Researcher as
assumed to be of researcher controlbias. No an active
unbiased and in shaping preference for a participant in
valuefree research form of research. the process of
results transformation;
explicitly preference for
described in mixedresearch
detail; methods.
preference for
semiotic and
deconstructive
~ techniques
Ontology

Ontology is the study of being @én andBlackman 2014) It is concerned with what exists
thathumanscanacquireknowledgebout.Ontologyd ealswith thenatureof reality and reflects
theresearcher’'snterpretatiorof whatis afactandwhatis the natureof reality (Blaikie, 2010).
Ontology is important as its principles are used to build theories and medalding the
researcher to better understand the woflde 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 constru€hethbjective of the research

is to defire the culture present in théuster. The actors in the cluster and their behaviour are
critical to creating the culturé subjectivism approach will be adopted by the researdries.

will includeinterviewingactorsin the clusterastheir actionsarea key partof what creates the

reality of the cluster.
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Epistemology

Epistemology is the study of knowleddye anarrow definitiongpistemologysets out
the necessaryand sufficient conditionsfor knowing a particular statement Knowledge is
traditionally defined as a justified, trdeelief (Krishna, 2024). Taking the example of the
Galwaymedicaldeviceclusteran epistemologyapproachmay askquestionsuchas:Whatdo
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 (30ldHeng, 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
knowledgeThe approachaidsin evaluatingthequality of ourknowledgeby identifyingbiases,
limitations and gaps in our understandinthis leads to more robust research design.
Epistemologyanswershow we know something.Epistemologyhasguidedthe researchein
choosing research methods and justifying their selection. By emphasisingustitication,
and beliefsit has enabled the researcher to set a higher standard than intuition.

Positivismis anepistemologicahpproachthatfocusesonobservabldactsbasedonthe
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 fimtligsobjective
(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 reommake empirical inquiry more
difficult (Cohen et al., 2018, Flick, 2018).

Dueto 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 tendeaqualitative
approaches, typically usingsanaller number of participants anddepth interviews to collect
and analyse data (Sol akteng, 2022).

For the researcher it is strange that we find two opposing approaches both seeking to
find the truth.This viewis shared with a pragmatist view focuses orpractical solutions to
address problemand selecs the most suitable tool for the research being addressed {Savin
BaderandMajor, 2013).Thepragmatistresearchefocuse®ntheresearchproblemandwill use
the mostsuitable methodor data collectiorandanalysis(Dancyet al., 2010). Thepragmatist
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
attemptgo look atthe culturefrom anexternalperspectivebut is embedded ithe industryso
muchof the perspectives etic. Theresearcheis a participantobservingthe cultureinternally.
Taylor andFrancig2013)defineethnographwsthestudyof cultureandsugges® stepsasshown
in Table 34.

Table 3-4 The 9-StepMethodto Ethnography.$ource:Author's own work adaptettom
Taylor and Francis 2013)

9-StepMethodfor Ethnographystudy

Relevanceo Thesis

Identify the cultureto be studied.

MedicalDevicelndustry inlreland

Identify the significantvariableswithin the

culture.

Collaborationandinformationsharing

amongstakeholderi theindustry.

Reviewexistingliterature

Systematiditeraturereview

Gainentrance

Not applicable;alreadya member

Immersewithin the cultureor observehe

culture

Not applicablealreadyimmersed

Acquiretheinformants

Usedcontactsn theindustry

Gatherdata Interviews
Describethe culture 5 paperssummarised
DevelopTheories Circumstanceshatexplainthelevel 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 reéitythis reasonit 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

methodologyapproach(Crossman2019). Nomotheticandidiographicarethetwo significant

approaches that can be used. “Nomothetic” comes from the Greek word “nomos” meaning

“law”. The ronmothetic approach involves establishing laws or generalisations that apply to

everyoneldiographic” comesfrom the Greekword“idios”, meaning‘own” this approachs

interestedn thediscoveryof what makesusunique(McLeod,2023).An idiographicapproach

makes sense of meaning through words and expressions. Talleniares the approaches.

Table 3-5 Comparisorof nomotheti@andidiographicapproacheg¢Source:Author’'s own work

based on Mcleod, 2023)
Nomothetic Idiographic
Approach Approach

Focus Seeks general principles al Emphasis's the uniqueness
patterns applicable to groups |aihdividuals within their uniqug
individuals. context.

Methodology | Generally, utilises quantitatiy Generally, uses qualitative methg
methodgSuchasexperimentsand | to gather indepth information abot
observations) to collectata. a person.

Goal Identifies universal patterns, tral Understand individuals (or smg
and characteristics that can | groups) through their emotion
generalized across people. behavior and experiences.

Examples Establish general laws or | Case studies,
principles with wide application. | Qualitativeinterviews

Narrative analysis.

Strengths Precise measurement, predicti¢ Rich insights, personalize
controlled methods and empiricalinderstanding and context spec
testing. knowledge.

Typicaltools | Numerical data, Casestudy
Experiments Unstructurednterviews.
Structurednterviews
Surveys
Scientificmethod

Limitations Predicationsmadeabout a group | Canbetime consuminglt takegime
may not apply to the individual. | and effort to study individuals
Can lose sight of the ‘whole | depth.
person’.

~—+

fic

Althoughtheapproacheappeatobein conflict Mcleod,(2023)stateshey shouldnotbeseen

in this way, and it is bestto take a combined approach.Crossmarn(2019) recommends
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combiningbothapproacheso achievea morecomprehensivenderstandingMillar andDavis

(1996) citedby Md_eod (2023), statét's bestto startwith thenomotheticapproachandonce

a general framework is established, the researcher can move to the idiographic approach.
Theresearclobjectivesguidetheresearctonthemethodologicahpproactselectedsee

Table 3-6. Withtheoverall objectiveof thestudyin mind,a mixed-methodapproachs utilised

in the research process. The mixed method approach is a research process in which the

qualitative andquantitative approaches are combined. The mixed method approach can

improveinsightsinto datathatcanbemissedwith asingle approachCreswellandPlanoClark,

2017).

Table 3-6 Researclobjectiveswith the qualitative/quantitativapproaci{Source Author’s
own work)

Objective Qualitativetools Quantitativetools

Select framework for | Systematiditeraturereview.
Galway cluster.
Measuresfor the Galway | Systematiditerature review | Reviewof

cluster. to select possibleneasures. | databaseandanalysing to
select appropriate
guantifiable measures.
Hypothesigesting(T-Test).
Describe the challenges al Semistructurednterviews. | Exportdata
opportunities  facing  thi

cluster.
Compardnnovationin start | Semistructurednterviews. | Databasanalysis.
ups and multinationals Top 100 firms,

Patent database.
Culturepresentn thecluster | Semistructuredinterviews. | Patentdatdase.
Recommendations Semistructurednterviews.

The qualitative data is gathered primarily from sestmictured interviews with
guantitativedatafrom literaturesourcesanddatabasegsedto supportthe qualitativedataFor
example therateof growthin firms supportqualitativedatafrom interviewsthatindicatethe

industry is growing. Figure 3-summarises the approach.
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Quantitative | s Qualitative

Interviews Literature
Review
DataAnalysis

Correlating data
Searchinglatabases
Data Analysis

Results combined, integrated
andinterpreted

Figure3-2 Mixed methodapproacfSource: Author's own work)

3.8. Justification for usingmixed methodresearch

CreswellandPlano (2017) defined mixed method as a methodology for conducting research
thatinvolvescollecting,analyzing, anehtegrating quantitativee.g., experimentsurveysand
gualitative (e.g., focus groups, interviews) reseaxterhoefand Casebee(1997) state that
mixed method€nabletheresearcho achieveadegreeof comprehensionhatis not possibleby

using just one methoMixed methods have been selecésthe research objectives as taey

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 enablie generalisation of data. Qualitative data generally has a small sample
size by supporting quantitative data with a large sample, s$lze limitation is mitigated.
Larger sample sizes can support qualitative data and enable generalisations to be made
(Creswell, 2003). Where possiplehe researcher has supported findings from qualitative
sources with quantitative data. For example, in this resedath on innovation is gathered

from semistructured interviews and triangulated wdbantitative data on actual research
spend and patents filed.

Quantitative data can be contextualized by adding insights from qualitative approaches. For
example,while quantitativedatawill indicatethe numberof startupsin the Galwaycluster,
qualitative data can answtte question,Why did the entrepreneur start the busife3te
mixed-method approach provides a motemplete picture by combining insights from
gualitative and quantitative sources (George, 2023).

Combining two techniques can enhance the credibility of the research. When finding of
gualitative and quantitativeapproachegonvergeto the sameconclusionst strengthenghe
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research and adds credibilityMixed method research often delivers superior results to

monomethod research (Johnsord Onwuegbuzie, 2004).

3.9. Theoretical Framework

A theoretical framework is defined I8reekumar(2023) asthe 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 frameworkis importantasthestructureit providesactsasa guideandthereforemaintains
research focuKivunja (2018)states framework aids understanding relationshifsetween
different concepts antheoriesand how they apply to the researéhframework also aids in

the selection of research methods, data collection and analysis.

Chapteimwo reviewed ninéifferent cluster models or frameworkiie chapter also compase

5 actual clusters from around the world. From models identified in the literature rélieew

MIT innovationecasystemwasseleced ashavingthe best fitfor the Galwayclusterand 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 capturetheinteractionbetweerthe capabilities of theecosystenandthe actorsin theeco

system theresearchehas placed both in a tablEhe 5 actors are listed in the vertical column
andthe5 capabilitiesn thehorizontal. Table8-7 actsasthetheoreticalframeworkfor theeco

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.Semistructurednterviewsprogresghrough eacttapability systematically Eachactor

in the eco system will be taken through the capabilitiegetotheir 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 (Borrds and Edquist, 2013).
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Table 3-7 TheoreticalFramework(Conceptuamodel)basedon theMIT entrepreneuriatco
system model (Sourcé&uthor’'s own work).

Innovation and Entrepreneurial Capabilities

Actors Human Funding Infrastructure| Demand Culture and
Capital incentives
Entrepreneur

Risk capital
Industry
Government
Academic

Institutions

Adapting the MIT entrepreneurial model has enabled the researcher to display linkages
between actors in theco system and capabilities that are recognised in literature as being
significant. Sreekumaf2023) statescreatinglinkagesbetweerconceptsand actorsprovidesa

logical structure and is a key step in creating a theoretical framework.
3.10. Researchprocess

Thefollowing sectiong etailthe semistructuredinterviews,the Delphitechniqueand

gualitative approach used in the research process.
3.11. Semistructured interview

A semistructured interview is a data collection method that relies on agkiestions within
apredeterminethematidramework(CharmazandBelgrave,2015).MagaldiandBerler (2020)
argue that senstructuredinterviews enable a researcher go ‘deep for a discoverySemi
structured interviews are widely used in research. The-senditurel interview has the
advantagéhatparticipantsaremorelikely to expresgheirviewsandgive richerfeedbackhan
would be experienced using structured interviews or surveys (Flick, 2018).

Senior managers in the medical devimgustry and key actors with knowledge of the
medical device ecosystem were chosen for this study. Purposive sampling was utilised as it
allowstheresearcher'sudgmentto selectpeople,organisationsandregionsto review (Etikan,

2016). Representatives from each of the actors in the ecosystem were sdlasted
stratification was chosen to ensure views were representative of the cluster. To ensure
participantswere knowledgeableon the subjectseniorrepresentativesere 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. Thetrsemired
interviews enabled theoice of the industry to be heardo 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
corporationsQualitative sampling is not concerned with generating a representative sample
rather, it seeks to select the most wrdibrmed sample on the research probigiishra 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 universifleset of fifteen questions concerning
the elements of a MedTech cluster/ecosystem was devised. Questions waaaned but
somewhat open and unstructured so they could be adapted for each stakeholder (Altheide and
Johnson, 1994Adams, (2015) recommends the questions act as a guithe tonversation
rather than presented agj@estionnaire Keeping with Adamsrecommendatiorthe order of

guestions was kept flexible. The list of questions is outlined in TaBle 3-

Table 3-8 InterviewQuestiongSourceAuthor's own work)

Themes Questiongnondemographic) Literaturesources

1. Canyou describe any linkages and w{ BuddenandMurray (2019);
you do with higher education institutions? | Miller and Acs (2017);

Human 2. Can more be done to translate bg Breznitz(2013);Tartarietal
. research from universities to commerq (2021)
Capital ideas? Bergman (2008)Etzkowitz and

3. Whatis highereducatiorworkswell and | Zhou (2018)RuniewiczWardyn
positively supports the medical devi| (2020);BikardandMarx (2020);
industry? Guzman and Stern (2015);

4. What has been your experiencewith | Cooke (2005) ; Fritsch and
higher education institutiohs approach| Slavtchev (2007)

to Intellectual property?

Funding 5. From your experience, how would y¢ Budden and Murray (2019)
describe access to funding stapt| Avnimelechetal (2007);Faria
companies? and Barbosa (2014); Larkin

6. What are your experiences with ventur2023); Lehoux et al (2016)
capital companies and the terms they seek?

7. Describe your experiences wi

governmentunding and grants.
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8. Are there any stages in funding that a
particularly difficult?

Demand 9. Are there medical needs that should| BuddemnandMurray(2019)
exploited/exploredo growthemedicaldevice| Maresova et al. (2015)
cluster?

10. Are thereservicesor critical suppliesthat
we should establish in the ecosystem?
Infrastructure 11. How would you describethe physical | Budden and Murray (2019);
infrastructure for medical device comparfigsAschaue(1989);Clarkeand
12. Are there critical suppliers missing fronmp Batina (2019)

the ecosystem?

Cultureand 12. How would you describe the culture | Budden and Murray (2019);
the medical device ecosystem? ChandleandSaxeniar{1995).
Incentives 13. Can you describe interactions a

collaborations within the ecosystem?
14. Can you describe when you interact gnd
communicate with other members of f{
ecesystem?

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 (UnkeleShpigel 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
onlineinterview was organisedlheinterviews wereconducted with onperson at aime and
scheduled for one hour. Adams (2015) recommends an hour for theunatime for a semi
structured interview.The interview started with questions about the participants' experiences
andbackgroundsasrecommendedly PotteandHepburn(2005). Theythenansweredhepre-
plannedopenendedjuestions. Theterviewsandquotesarerecorded/erbatim,andeveryone
is given a participant number (P number) to maintain anonymity as recommenéesygnd
Oishi (1995). Sixteensenior people participated which was consideredenoughas no new
themesemergedafterthe13"-16" interviewsdueto thedatabecomingsaturatedGuestet al.,

2006). The participant summary details are outlined in Appendix A.

The interviews were recorded with the permission of the participants. Microsoft
Teams was used for most interviewlhe Microsoft Teams live transcription feature was
used to transcribe the interviews automatically. Immediately following the interview, the
transcription was reviewed, and correctiowgre made. The transcribed interviews were
identified and uploadedto Atlas Ti9 softwarefor qualitative analysisusing the p numbers
to maintain the anonymity of the interviewees. The answers were classified under the

themes of cultural, human capital, demand, infrastructure, and funthegthemes were
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the basis of the coding frame usedin the research.A coding frame is an organized and

systematic approach to categorizing and interpreting data (Heckétadmuokas, 2024). The
researcheuseda codingframe as HeckerandKalpokas(2024) argue it can provideclarity

and insight to the research that can facilitate theory building. Five themes were assigned
deductively based on the capabilitiek tbe MIT entrepreneurial modelThe deductively
defined themes are human capital, risk capital, infrastructure, deoudinole and incentives.

A clearly defined coding frame also enhantestransparency of research methods. This
allows otherresearcherso understandhow conclusionsarereached gnablingreplication and
improving the rigour of research. Figure33visually shows the structure of the coding frame,

deductive thengare shown horizontally.

Demand Human Capital Industry Infrastructure | Risk Capital

Entrepreneur
Reputation
University

Clinical
Infrastructure

Culture & Incentives
Risk Capital
Human Capital
Industry

Regulatory
Demand

Bio-Innovate
Government

Grant

FHub

Supply Chain
Intellectual Property

Figure 33 Coding frame Thematic AnalygiSource: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.(CharmazandBelgrave,2012).The AtlasTi softwareautomaticallygeneratedxial
links basedn theopencoding(Cascioetal., 2019),(CharmazandBelgrave,2012). To ensure
consistency of coding the researcher defined each theme. TFahlist8 the themes and the

definitions used. Statistics on themes were downloaded A/BAS.Ti to Microsoft Excel.

Table 3-9 Definition usedfor coding theme¢Source:/Author's own work)

125



Theme Definition / clarity ontheme.
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A person who has established a stgrtcompany.Also

Entrepreneur includedissuesor opinionsregardingstartup companies.
Includes all sourcesf funding for companies. The theme is
morethanjustventurecapital,includeggrantsoans,angel

Risk Capital investors.

All third-levelinstitutionsandassociatedesearch

University organisations based in a third level institution.

Culture& Incentivef

Socialbehaviouthatcanbeobservedvith-in the Medical
Devicecluster.Incentivesncludefinancialfor exampletax
strategy or noffinancial forexample recognition.

Physicalandorganisationatystemshatarerequiredo enable

Infrastructure other aspects of the cluster to function.

Reputation Viewsontheattitudespeliefsandexpectation®f the cluster
A broaddefinitionwasusedor thistheme.Preclinical, animal
trials, associated measures, resources required for clini

Clinical trials.

cal

HumanCapital

Worker'sexperienceandskills andthe procesof developin
these.

Demand

Demandfor medicaldevicesor component$or medical
devices.

Bio-Innovate

TheBio-Innovateprogramrun out of Galwayuniversity.

IntellectualProperty|

FormallP rights, in particularpatentsandthe procesof
establishing patents, design patents and trade secrets.

3.12.

Government IncludesgovernmenbodiessuchasEnterprisdreland
Industry Medicaldevicemultinationalsandassociateguppliers.
Grantsavailabldromthegovernment=U localauthorityor any
Grant othersource.
Regulationsandregulatorybodiesfor medicaldevices Does
Regulatory not include regulations from other areas.
InnovationHubis anincubationcentrein Atlantic University
I-Hub Galway.
All processes are fromourcing components to delivering
customersincludingbuying, making,moving, sterilising,
SupplyChain storing, and selling.
The Delphi Technique

The research aim is to develop a strategy for the Galway medical device cluster based
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on the voice of thendustry and academic literature. The Delphi technique was selected as a
researchtool to ensurethe processof capturingthevoice of theindustry issystematic. It has

much to offer in gaining consensus from individuals on a specific {&®eney et al., 2001).

The Delphitechniquewas put forward and developedoy the Rand Corporationin the 1950s

(Ab Latif et al., 2016). The Delphi technique is a formal technigae methodologyfor



developing concise consensus development mettbgsused in research problems where
there is limited evidence or contradictayidence(Vernon, 2009). Many researchers have
utilised the technique as a forecasting tooéxamine options for the future in relation to a
product, topic, ideaor plan (Weaver, 1971).

In this application the Delphi technique is comprised of several rounds of the SSI
designed to solicit expert opiniofisezar andVaxey, 2016).The rounds would continue until
consensusvasachievedor amaximumof 4 rounds. Consenswgasdefinedasan Interquartile
Range (IQR) of 1 or less in agwint 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 greaghed @onsensus. A 70% responsge
wasselectedastheminimum IQR requiredfor consensus. Theumberof surveys rounds used
in a Delphi study can vary depending on the study objective or the quality of the level of
response receiveddm participants.In a typical Delphi technique, the first round comprises a
qualitative, operended series of questions or surveys to elicit opinions and recommendations
from experts. In this case the SSis acted as the first rolingkcond round theseeksto
guantify andanalysethe response$rom thefirst roundto aid consensusandthis is repeated
until a final consensus is achieved (Hasson et al., 200@suf, 2007).Providing feedbacto
the participantsin eachround at the endallows for refining and agreemenbn their opinions
(Vernon, 2009).

3.13. Compositionof the expertpanel

The Delphi process consisted of the systematic process of gathering opinions on
recommendationfor the clusterfroma group ofexperts.Themethodinvolvesforming a panel
of expertsknowledgeabl@abouta specifictopicto predicttheoutcomeof future scenariosthe
likelihood of an event, or solve an organizational problem. Within focus groups, the Delphi
techniguavasutilisedasaway of obtaining acollectiveview from Medtechindustrypersonnel
andstakeholderabouttheindustrywherehistorically therehavebeenfewd ocumentedtudies
and where opinion is important (ThangaratinamilRedman, 2005). The participants from the
SSisbecamehe expertpanelfor the Delphitechnique. Thg@anelconsistedf 16 peoplerom
the Medtech industry from manufacturing, venture capital, healthcare, academics,
entrepreneurgndgovernmentodies16 participantsvereconsiderecadequatéor theDelphi
techniqueas it was recommendedo be between8 and 23 (Shang, 2023). Five of the

original patticipantswere unableto participatein the Delphi researchand werereplacedwith
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similarly experienced participants.

3.14. Conducting the modified e-Delphi Technique

The first step in utilising th®elphi technique is to identify a problem or discussion
item. Theoverarchingaim of the Delphitechniquevasto gainconsensusn issueghe cluster
faces andwhatthe group aligns on for future strategy While using the Delphi technique,
participants seetherresponsesso theymay altertheir viewsbasedon howothersresponded
(Hassoret al., 2000). An advantage of the Delphi can be its aiding in bringing participants
towards group consens(ldassoretal., 2000). Havingall stakeholdegroupsrepresentedids
in understanding the different facets that go into creating a successful Metisgehn (Turoff,
1970). Unlike other group methods, Delphi does not demand participant proximity boface
face meetings of the researcher with participansts, the exercise is conducted remotely
thereby reducing travelostsandthepotentiaffor group dynamic$o manifest(Donohoeetal.,
2012). Microsoft lBrms were used to transmit the questions to participants.

Thefirst (Roundl) wastheSSlandwasusedto garnertheexpertiseof theparticipants
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
agreemento eachstatemenbn a5-point Likert scalefrom stronglyagreeto strongly disagree
asshown inFigure3-4. TheLikert scaleis a ratingscaleusedto measurettitudesppinionsor
behaviourdBhandariandNikolopoulou, 2023). Stronglgfisagreenvasgiven thenumericvalue
of one and stronghagree was given the valuefofe. The format of the fivdevel Likert scale

is as follows

Strongly disagree
Disagree
Neitheragreenor disagree

Agree

a r w0 RE

Strongly agree

The responses from Round 2 of the Delphi study were analysed utNimgsoft
Excel to calculate the Interquartile Range and median. The third round to refine the initial

competencyecommendationeelatedto the Medtechcluster. While 2 participantswithdrew
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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 rouofdtii¢ technique

utilised before consensus was achieved on all questions.

"

1. Please select one choice

Strongly Disagree Disagree Meutral Agree Strongly Agree

Funding is a significant barrier
to start up expansicn.

Availability of human capital is
slowing the growth of the

er.

Galway cluster

entiated

Finance is the most significant
challenge for startup medical
device companies.

Access to clinical trials and
clinical centers has been an
important part of the success
of the Galway medical device
cluster.

Traffic congestion is a
significant local issue
that negatively effects the
local cluster.

The reputati
is extremely imporiant,

Figure3+4 Likert scalequestionsusedin DelphitechniqugSource Author's own work)

3.15. Quantitative Research

Quantitative research creates reliable, factiaththat can supplement qualitative
research (Steckler et al., 1992). To enhance the quality and reliability of qualitative research

guantitativedata is gathereénablingtriangulationof data andindings.Verhoefand Casebeer
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(1997)definetriangulation asdata collectionin which data isdeliberatelysought

from a wide range of different independent souic€bey state supplementing qualitative
analysis with quantitative enhances the validity of the research. For each of the themes in the
theoretical frameworkhe researcher selected quantitative measurements to triangulate with

gualitative data see Tablel3.

Table 3-11 Quantitativeneasuresisedalignedto themeqSource Author’'s own work)

Theme/Capacity | Quantitativemeasuressource

Humancapital Numbersemployedin the medicaldeviceindustryin Ireland
Startup rates in Ireland and Galway

Population by county, Centrafatisticsoffice.

Risk capitaffunding| Data obtainedfrom Irish Venture Capital AssociationIlVCA) VC

investments in medical device companies.
VC ratesin Ireland comparedo other countries.

Demand Medical Device Exports, sourced from the United Nations

Commercialtradedatabase.

Infrastructure Data/Information from government databases/publications
Cultureand EuropearPatentOffice databaseNumberof patentdssued.
incentives Global Innovation index

Patentsfiled in Galway searchedglobal databasesising Patsnap
software.
Equity stakesequestedy universitiesSpinout.fyi

Researclspendspbtainedfrom medicaldesignand outsourcing data.

Quantitative measures to support the human capital theme irchlidmber of people
employedby medical device companie$etrendsin the employment rate over time and the
startup rates of medical device companidfie employment and startup rates data were
compiled by using data from the Irish MedTech Association (IMA), Enterprise Ireland (El),
Industrial Developmenfuthority (IDA), the Irish Times’ top 1000companies]rish Venture
Capitaland Private Equity Association (IVCA), web searches, and regyesarchivesAs a
result, four hundred and sixsx 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 specializatiorof thesite (for example, cardiovasculdevices).

The data was entered into Microsoft Excel for Office 365 MSO (Version 2405 Build
16.0.17628.20006). Excel was used to comptékeanalysis and create charts. The data
analysis enabledsightsintothecurrentnatureof thelrish medicaldeviceclusterandhowit has
grown over time

Quantitativedataon fundingwasobtainedfrom reportsby thelVCA. ThelVCA is the
representative body for venture capital and private equity funding on the Island of Ireland
(Larkin, 2024). The IVCA has gathered and publisltpiarterly 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. Datather full year of 2023 was not available from the
IVCA so could not be includedData was transcribed by the researcher from the PDF report
to Microsoft Excel. The IVCA reportassignsasectorto eachinvestment. Onlyhelife sciences
sector was entered into Excel. The excluded sectors were ICT, electronicthersd 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 summarisqubotied.

To gatherquantitativedataonthe themeof demandthevalue of exportswasobtained
from the United Nations Commodity Trade Statistics Database (UN Comiz8a8) The
database contains import and export data, with defaisrketsegmenandcountry (United
NationsStatisticsDivision, 2022).Productsand services are categorised by the Harmonised
Commodity Description and Coding System (HS Codé®HScodesisedby theresearcher

andtheproductcategonassociateavith thecode are shown in Tablel2.

Table 3-12 HS Codesusedto establishexportsof medicaldevicesrom Ireland
(Source:Author’'s own work based on UN Comtradatabase)

Product HS
category Code Descriptionof code.

Lensescontactunmounted, oany material,excluding
900130| elements of glass not optically worked.

Ophthalmic 901850 Ophthalmicinstrumentsandappliances

Medical, surgicalinstrumentsaandappliancesgatheters,
901839| cannula and the like

901890 Medical,surgicalor dentalinstrumentsand appliances

Medical, surgicalinstrumentsand appliancessyringeswith
901831] and without needles
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Medical, surgicalinstrumentsand appliancestubularneedles

901832| and needles for sutures
Vascular
Medical, surgicalinstrumentsandappliancesglectre
901811| cardiographs
902190| Appliancesworn carriedor implantedin thebody
Orthopedics 902131| Artificial partsof thebody
Pacemakers 902150| Pacemakertor stimulatingheartmuscles
Therapeutic respiration apparatus; ozone, oxygen, aerosg
therapyapparatusartificial respirationor othertherapeutic
Airway 901920| respiration apparatus
Electro
Diagnostic 901819| Electrodiagnosticapparatus
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The literature review identified innovation as a significant theme. The number of
patentsvasselectecsaquantitativeneasureofinnovation Patentingatesareawell-grounded
and established proxy for measuring innovation (Burhan et al., Pgéedoorrand Cloodt,
2003, Schmookler, 1966). HagedoanmdCloodt(2003) in a study of 1200 companjgsund
asignificant overlap between R&D inputs, patent rates, patent citations and new product
launches. The European Patent Office was used for trending patents from lIreland. The
European Patent Register is the most complete and-digte source of publicly avable
procedural information on European patent applications @mbEuipo, 2021). The EPO
database was searched for patent applications by ‘field of technology’. Medical technology is
the fieldselecteclall otherfieldswereexcludedfor example pharmaceuticaldyiotechnology
and organic fine chemistry were excluded from analysis. The definitions of fields are available
from the World IntellectuaProperty Organisation (2024keographic origin idased on the
country of residence of the first applicant listed in the patent application. The researcher ran
separate reports for each yekne datawas entered into Microsoft Exdéle count for Ireland
was establishedA separate count of patent applications for the EU 27 pludiKhevithout
Ireland was alsccompleted The UK wasincludedfor consistencysothedataset is the same
for each year of comparison.

The medicaldesignrandoutsourcing databasétheTop 100medicaldevicecompanies
was accessed to characterisiltinationals, particularly the R&D input of spending on
research. Data was downloaded fidedical Device Outsourcin(R021)andanalysedor the
year2021;this was the most recent data available at the time of the res@drehcompany
name, revenues, employees, headquarters location, R&D spend, and yeardmaidained
throughthewebsite When acompaly’s fiscal yearis notastandaradalendayear, therevenues
used are the most recent fiscal year results. The researchercrosschecked the data with
publishedd atafromtheSecuritiesandExchangeCommissionandfoundthefinancialdatao be
accurate. The industry is highly consolidated with 54% of sales by value sold by the top 15
companies (DaiglandTorsekar, 2019). The researcher judged data of the top 100 companies
was sufficient to draw conclusions on medical device multinatioztlser websites (e.g.
Spinout.fyi data) were used to understand the typical royalty that universities sought from

startups that they supped and incubated.

3.16. Conceptual Framework
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RavitchandRiggan (2016 escribea conceptuaframeworkasa guidefor researchijt
situategheresearchguestionsn thebroadercontextof existingknowledgeThe frameworkis
used to outline thapproach used and provides a roadmap for the reseanmaview 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. Figbrest®ws a visual

summary of the conceptual framework.

Conceptual Framework

The research aims to develop a strategy for the Galway
medical device cluster based on the voice of the industry
and academic literature.

* Challenges and
opportunities.

* Conceptual model

* Characteristics of based on the MIT
mnovation in the entrepreneurial eco-
cluster system model.

* Measures for the
c11uster ) Research

* Characterise objectives, Core Theoretical
culture n the K
A constructs, Framewor

» Propose Goals
recommendations

* Learnings for
cluster strategy.

. Methodological
Reflexivity g

approach

* Systematic Literature
review

* Gap identification

* Mix methods

* Semi-structured
interviews

* Quantitative analysis

= Worked 20 years
in the industry.

+ Lead strategy in
companies.

= Created strategy
for industry lobby
groups.

Figure3-5 Conceptuaframework(Source:Author's own work basedn RavitchandRiggan,
2016).
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3.17. Limitations of mixed methoddesign

Lackof purposas acommoncriticism 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 tesderch work completed.

There can be inappropriate coding of qualitative data resulting in incorrect themes or
findings from the research (George, 20&3eene et al., 198¥itale, 2023). To reduce the
possibleimpactof inappropriatecoding,a codingframebasedn thetheoretical framework of
the Galway medical device clusteas used

Mixed-method research can be more tioomsuming and require more resources. This
is dueto therequirementto havemultiple datasourceqCreswelland Plano2017;Greene et
al., 1989; Johnsoand 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 semistructured 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
saturatiorpoint in responsesSaturations themostcommonguiding principlefor assessingf
the sample size is large enough and is considerectdheetrstone of rigdrin determining
sample sizes (HennirkndKaiser, 2022).In a study to assess at what point saturation is reach
(Hennink andKaiser, 2022}%aturation was achieved on average between 12 and 13 interviews
with aspread obetween 5 and 24 interview#s theresponses from interviewees became
saturatedthe number of participants waot an issue for this study.

The interviewees were representatives of the wider MedTech stakeholder and support
environment. Qualitativeesearchpy nature canbebiased andtheinterpretationof qualitative
data is made subjective (Chenail, 2011). Bias was minimised by detailed record keeping,
ensuring codingndmemoingwereconsistenandtransparentreviewingintervieweeaccounts
wascritical to understandingimilarities anddifferencesof perspectivegSandelowski, 1993);
(Noble and Smith, 2015). Lastly, capturing detailedosegm descriptions oiterviewee
accounts supports findings (Slevin and Sines, 2000).

Semi structureahterviewscanhavea low validity duetotheir flexibility (Tegan,2023).

This makescomparingresponsedetweenparticipantsdifficult. To reducethe 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
intervieweranswergheyfeel theinterviewerwantsto hear,leadingto asocialdesirability bias
(Tegan, 2023). To reduce the opportunity for the introduction of thiesnterview questions
were reviewed to ensure there open questions. During the intervigiithe participant gave
their opinion on a subject without being asked a questiom,interviewer allowed the
conversation to flow and avoided any issue wgtiestion structure.

Semistructurednterviewscanbetime-consumingandlabourintensive(Adams,2015).
Conductng interviews, analyzing transcripts and encodng themis an arduous taskihe
researcher prepared in advance forthe interviews. Usmagnawork to conduct the interviews

reduced the overall effort required and made the method ofsserciured interviews feasible.

3.19. Limitations of a systematiditerature review

Fink (2019) definedA 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 practition&#hile the systematic literature
review was selected to enable a systenaidt reproducibleeview, it does have limitations.
Possible weaknesses of literature reviews, as defined by &@Bboth (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 afhefocus 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
missingimportantsources. To reduceahepossibility of missingimportantpublications follow-
up literature research was completed, particularly on the theme of clustering. The historical
development of clusters was reviewed, and pivotal publicationsicamtfied.

If thepaperselectedireoflow quality, thenthethemesfindings andrecommendations
could be incorrect or misleading. To reduce the risk of oaiity papers being includethe
researcher selected papers from peelewed journals. It was also required that the sources

be cited in at least one other paper.
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Consciousor unconscioudiasby theresearchecouldresultin articlessupporting their
views being selected while articles which disagreed with their views are deseltsedould
negatively impact the research resulting in confirmation bias. To redudieligood of
selecting articles based on personal prefereribesinclusions and exclusions criteria, the
search strategy, databases to be used, keywordBetimde frame of the search were selected
in advanceThe sourceswvereorganizedinto main themesbasedon keywords systematically
grouping papers reduced the opportungylias affecting the literature review.

Delays in publications could result in the research miss#egnt but important new
findings. Drucker et al. (2016) described reviews missing available data on a topic as suffering
‘evidenceselectionbias’. A final review of theliterature was repeatedin June2024. The
researchersbwnpublicationswerethe mostrecentliterature.This demonstratethatevidence

selection bias haseen minimised.

3.20. Concluding Remarks on the ResearchMethodology

The systematiditeraturereview provideda foundatiorof currentacademidhoughton
clusters and th&ledtechsector.It enabled the creation of a theoretical framework around
which thequestions for the interviews were based. Facts and figures from dattasies
numerical values to be placedas characteristicsof the industry. A significant part of this
investigationnvolvedinterviewswith keystakeholders theindustry. Thisprocess 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. Resultsand discussion offindings

The research aim is to develop a strategy for the medical device cluster based on the
voice of the industry and academic literatusemistructured interviews were completea t
establish the current characteristics of the cluster. Knowinguiment 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 issignificantly differentbetweerestablisked multinationalsandstartup companies.
Wider government policy for creating and sustaining clusters is misaligned with academic
theory andhecasestudyof theGalwaymedicaldevicecluster.Figure4-1 showshestructure

of the results chapter.

Semi structured
interview

FDI Impact

Concerns with FDI

Strategy for Industry

Measures of innovation

Government Policy

Figure4-1 Structureof Chapter4 resultsanddiscussior(SourceAuthor's own work)
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4.1. Summary of semistructured interviews

Commonthemesrom thesemistructuredinterviewswerecodedFigure 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 capitiakelycassociated with

entrepreneursral is the second most common theme.

Themes from semi structured interviews

40

30

o |II

i HILIIr

O -_

Theme

Occurren

Figure 4-2 Themefom semistructuredinterviews( Source Authors own work.

Axial coding was used to link innovation and entrepreneurial capabilities with the 17
themesdentified. Thequantity ofstatementinking specific themes is shown in Tablel 4~or
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 occurmece iscoloured green. Table #-shows the axial coding based on the

theoreticalframework.

Table4-1Axial coding of themegSource Author's own work).

Innovationand Entre preneuriaCapabilities
Demand Hum.an Cultur_e & Infrastructure Ris.k
Capital Incentives Capital
Entrepreneur 5 8 12 11 32
ﬁ;i‘l‘tﬁm'ﬁ 2 7 10 12 3
Clinical 3 5 1 13 3
Risk Capital 4 2 7 7
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Industry & & 1

Government 1 4 6
Reputation 6 14
Infrastructure 2 8 3 7
Bio-Innovate 1 5 11 2 -
Human

Capital 1 U e 2
Cultur_e & 3 7
Incentives

Regulatory

Demand

Intellectual
Property

Totals

Demand

Demandis the lowestemergingcapability, discussed4 times in the interviewsand
represerihg just 7% of the capabilities. The low occurrence of demasdliscussed in the
interviews is aligned with findings that medical device companies in Ireland gugiobal
(McKernanand McDermott, 2024a).

Table4-2 showsomeof thecommentgelatingtodemandThe USAis themarketthat
medical device companies will enter firfhe USAIs the largest global market (Maresova et
al., 2015), the price achieved is higher than the European maricethe time to enter the
market is shorter (Daigland 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 ead European country. Eveafterreceivingregulatoryapproval,”you mustthenjustify the
use of the product in each EU country individually

Exporting from the beginning means a stgstmust havedll the costs of a global
business”fromdayone.Addingto thiscomplexity, intervieweeshighlightedtheneedto create
novel devices. The interviewees repeated a mantra that the device must aaitasset
clinical need. A problem with addressing an unmet clinical need is the reimbursement rate

for thedevicemay not be establishedlt is time-consumingand expensiveto establisha 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 makesgceeatisiness plan
difficult. Without a businessplan, funding theprojectis difficult. Companiesjn particular
startups, can get stuck in a cafd Without the device developedhey cannot get a
reimbursementode,andwithout the reimbursementode the project cannotget funding to

develop the device.

Table4-2, Commentdrom semistructuredinterviewsrelatedto thethemeof Demand
(SourceAuthor’s own work)

Participant| Comment

P3 “Market targetsare USA,Germatry, UK andJapan.Thereis no Irish market.’

P8 “Start-ups mustaddressan unmetfclinical need.Therecannotbea competitor

establishedn thetargetmarket.You cannobeatMedtronic.”

P5 “Investigating akind of afirst of its typefor theAmerican market.Blue Skyarez

meangeimbursememate could bea bigproblem.”

P5 “We paid a reimbursemenspecialist US$3040 K to makesure there was

reimbursementoding inplacefor the heartfailure needweare looking at.”

P9 “The major productdevelopmententreswhichfor Medtech,alot ofit's in the
us.”
P10 “In Ireland is so smallwe needto start globally from day one.This meansall

the costsof a globalbusiness atestart, and it costsmoney.”

P10 “EU is nota single marketTheCE markis justthestart. EU is difficult. You
needto start withthe USA.”

Within the theme of demandparticipants also discussed areas for possible
futuregrowth. One participant statgdt's obvious anything that reduces hospital stay or cost
to the health systehwill have a high demand\ second participant &h “There is a move to
kind of treat peoplen the homefor infusions,et ceterd. To achievecost savings and enable

home treatmenthere is a significant demantbf' patientfacing digital solutions

Human Capital

Human capital had severalsubthemes including staff availability, entrepreneurship,

infrastructure and culture. The interviews indicatedthat third-level institutions have been

142



critical in ensuring the supply of engineers to maintain the industry. Multinationals further
createda “deeptalentpool” with specificskills for theindustry. Multinationaldaveprovided

“not just knowhow but also know who”. Thirdevel institutions and industry have created a
virtuouscircle. The industry created demandor skilled labour, universitiesadaptedspecific
coursego meetthedemandandthe increasechvailability of labourenabledfurthergrowthof
theindustry creatingnoredemandTable4-3 detailscommenton thethemeof human capital

and its availability.

Despite the virtuous circlefirms 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. Smalep start
firms requie the useof consultants as not all roles canfiled by full-time staff. Thesecosts
can be significantwith €2k per day for regulatory consultancy.

The skills peoplebring arejust oneconsideration. Theontactsof employeesandhow
well networkedtheyarealso important. Forstartupcompaniesthis is particularly important.
Havingtheright contact@ndreputatiormakedundingeasier “VCsinvestin people” Contacts

are also critical for clinical access.

Table4-3 Commentdrom semistructuredinterviewson thethemeof Humancapitalandits
availability (Source Author's own work

Participant Comment
P8 “We are well suppliedwith the raw materialof people.”
P8 “The peoplehavedevelopedn Medtronic and BostonScientific for nearly 40

yearsand createch deep talenpool.”

P7 “Universities are doing the right things; it is just that the capacity is not
keepingup withgrowth inthe industry.”

P8 “The manufacturingengineeringapprenticeshipthat we developeds flying

like it's producednearly 300 peopleat this stage.”

P14 “We havebecomea victim of successthe traffic is slow. Getting the right

peopleis difficult.”

P11 “Cost of R&D engineeringin Ireland being approximatelyhalf that of the

United Statesand accessingalentis easierin Ireland.”

P11 “Firms in the clustercompeten global marketsLocal rivalry in the cluster

is mostlya competitiveraceto hire staff.”
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P2 “It is expensiveo getconsultantdo adviseandhelp startups. Theyhavebeen

charged €2la dayto provideadvice.”

P5 “Expertsin their differentdisciplinesbeenontap or beingavailableto groups

would beof hugevalue.”

P5 “Accessto regulatory people for examplejs it's tricky becausehey'rehighly
soughtafter an industryand they'rewell paid and there'snly somemuch

goodwill orfreebies you can get from people.”

P14 “VCs investin people.”

P5 “The clinical exposurepieceis very,veryimportant.”

P13 “For startups,it's importantto havereally goodconnectiongo complete
clinical trials.”

Interviewees debated whethentrepreneurship could be taught. Participants who
started their firms early in their careers felt it could not be taddiaty believed
entrepreneurship wasdmething you had inside yo@Wther interviewees felt the process
could be taught. Aulg2024)argueghat entrepreneurship‘ia craft thatcanbelearnt”

Table4-4 summarises human capital and entrepreneurship.

Table4-4 Intervieweescommentselated to Humaapital Entrepreneurship
(Source:Author’'s own work)

Participant | Comment

P8 “l justdon'tthink youcanteachentrepreneurship.”

P8 “Bio -Innovateforced peopleinto groupswhereordinarily in entrepreneurial

are usuallyinsular.”

P6 “Sabbaticalsshouldbe encouragedo do entrepreneurialwork.”

P1 “Entrepreneurshipcanbeturnedinto a processlike arecipethatmakeghe
process more predictable and reduces risk.”

P1 “Entrepreneurshipshouldbetaughtwithin all department®fthe
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

completethetrials was also missing. Firms completedtrials abroaddespiteagreeingit was
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importantto be “closeto the clinical centetf. Table 4-5 summarisescommentson human

capital related to infrastructure.

Table4-5 IntervieweesommentsHumancapital,infrastructurgSource Author’'s own worf

Participant Comment

P13 “Trained staff ontherequiredregulation ICH /GCPandISO 14155CFR
practice.”

P13 “It's importantto becloseto thecentee. It needggoodconnectionbetween

the sponsorand theprincipal investigator.”

P12 “For ananimaltrial, a vetis required,a qualified aneshetistanda physician

are requiredto 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 cluststogan “
theflying geese from migrating to thenextlow-wage,low-tax location(Cassidyet al., 2009).

To assess how the availability of skilled labour and the MedTech indusitisictions 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 idedseylwere also askeas towhat in higher
educatiorworkswell andpositively supportehemedicaldeviceindustryandtheir experiences

with how higher education institutions approach Intellectual property (IP). A sample of

responses concerning these questions is highlighted in T&ble 4-

Table4-6 IntervieweeCommentsaboutHumanCapitalQuestions(Source: Author's own
work)

“Universities are a huge untappedasset.More entrepreneurialtraining is
required. We need to encourage innovatidniversities can create new businesses
where there is no seed to begin” (P6)

“Our Irish medicaldevicecompanywasstarted by a professorwho wanted
jobsfor graduatesn thelate 80s' (P9).
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“Tryingto startcommercialventuress difficult with smallrewards.Culturally
there is little prestige or glory in an academic trying to start a commercial activty.
We need to improve the permeability of acader(Rs).

“One concern with highdevel institutions is their attempts to cla
Intellectual Property (IP) for small research projects where some materials ng
be tested or checked. Universities should not be claiming for IP. The structufe and
agreement should be simple and agreed upon nationally. Some universities make it

difficult to doResearclandDevelopmenfR&D) becausehetermsare too onerous’
(P10)

“If successful Universities expect to recaliplP perhaps at 1.2 to 1.&mes

the costof research’. (P15)

Entrepreneurspokevery positively abouttheimpact of theBio-Innovatgrogram.One
in eight of all MedTech companies in Ireland now come from the Biolnnovate (Ireland)
programme (O’Halloran, 2023). Entrepreneurs have concerns about universities owning IP,
which is supportedy academiditerature.Forexample jt hasbeenshownthata 10%decrease
in the universities’ equity stake in a company leads to an estimated 3% increase in the
probability of raising venturecapitalandan 8% increasan thenumberof spirnrouts(Hellmann
et al., 2023).

The Technology Transfer Office (TTO) in the universitgcts like a middleman to
enableresearchideasto beputto commerciause. TheTTOsdo notmakemoneyand Galway
is notsetup tomakemoney;it providesa servicebetweerresearchand scalinga companythe
TTO acts like a middleman to enable research ideas to be put to commerfigPase
Commercial returns from university research are poor, even in wiadd 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 rese#@shan example of training to meet
local industry needthe University of Galwayintroducedanundergraduatdegregorogramin
Biomedical Engineering in 1998. Having suitable graduates is important, multinationals state
availablelabouris the numberone criterion in site selection(Kimelberg and Nicoll, 2012).
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McCormacket al. (2015)statethat knowledgeinstitutionsarethe main partnerdor startupgo
engagen openinnovation. Othemedicaldeviceclustershaveidentified universitiesascritical
to enabling smalcompaniego developcompetitivemedicaldevicegAnderssoret al., 2013).

Significantliteraturehasbeenpublishedon theBiolnnovateprogram.ltis modelledon
the Stanford BioDesign program and is located at the University of Galway. The
multidisciplinary, structuredprogramwas startedin 2011 (Sharif and Quinn, 2021). Local
entrepreneur lan Quinn hatletideato starta Biolnnovateprogramin the University, and
funding was provided by the government body Enterprise Ire(Rudidy, 2022).

Bruzzi and Linehan (2013a) highlight that the Biolnnovate program can produce
entrepreneurs who establish eatgge companies. When the paper was written, the Bio
Innovateprogramhadonly completedts secondyear.At thatstage two startupsadreceived
funding from Enterprise Ireland (El). 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 cultireravafaculty 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
Enterprisdrelandacceptedtheycouldreceivea grantof upto€600,000The fundingis 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 El is now Europe's largest seed
investor (Enterprise Ireland, 2022).

The teams can progress their ilgaa clinical environment at the Lambe Institute for
TranslationalResearchThe Lambelnstituteis basedn the University Hospitalin Galwayand
stylesitself asthepointwherethe“benchmeetsthebedside’(Lambelnstitutefor Translational
Research2022).

Sharif and Quinn (2021) state that 107 fellows have completed the Bio Innovate
program. Bio Innovate targets matyrexperienced professionals to participate and credit the
programfor creatinga Med Tech startupculture. The objectiveis to shapehemedicaldevice
industry by providing an environment to encourage structured innovai@nnew medical

devicestartupshavebeencreatedthrough the@rogram(Biolnnovatedreland,2022).Usingthis

147



informationwecanconcludehatBio-innovatehasspawne®4% of all medicaldevicestartups
on the island of Ireland and 40% of the startups in the Galway cluster.

An example of a successful sgpnt from Biolnnovate is Ambo Medical which was
sold to CR Bard for a reported US$44.1M (PitchBook, 201\¢tex, who developed a
Thrombectomy catheter, sold for US$39.9M to Surmodics (Device, 2021). Universities have
also provided physical space for staps. Figure 44 shows a cluster of startups based at
Atlantic Technical University incubator | Hubs. | Hubs provide space, mentoring, and access
to investors. They also have labs and physical resources to support Medmgamies.

Bruzzi and Linehan (2013a) highlight the positive contribution of universities;
however, theraredifficultiesin therelationshipbetweenstartupsand universitiesRonamand
Cormican (2013) studied innovation management in 10 medical device SMEs. All the
companies in the study had contacted universities but found progress Tskmglating an
academiadeainto aproducts difficult; lessthan5%of academialiscoveriegetimplemented
(Gehr and Garner, 2016).

Scannell andCormican(2019) showthat spineut companies for Irish universities lack
regulatory knowledge. Mistakes like preclinical testing not aligned with regstieettl ardsan
delaycommercialisationBreznitz (2013)stateghat universitiesarenot enough on theown,
andSMEsneedsourceffunding,manufacturing knowhow,andsocial networks to make the
cluster sustainable.

The SME’s concern about owning Intellectual Property (IP) limits their ability to
collaborate Onecompanysummarisedhefeeling that“it is unworkablethata collegeshould
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 fundingsteps fol startupareseedunding,convertibledebt seriesA, B, C, D,
andexit. Itis typicalin seriesA fundingthatfounderandemployeewnbetweerl0 and20%
of the company shares (Denend, 201A). performancebased equity stake for staff is
recommended fostartups (Griffiths, 2012). Venture capital typically expects the startup to
have proof of concept and IP protection for their idea before an investment (Larkin, 2022).
Universitiesseekingequityat early stagesn SME developmentlilutesthevalue of sharesand
makes future funding rounds difficult.

Universitieshavehada significantpositiveimpacton themedicaldevicecluster.It has
led directly to an increased level of startups. Concerningly funding for universities has been
reducedsignificantly, and real expenditureper studentat third-level educationdecreased
from€11,160 pestudentin 2008 to€7,252 in 2018, dropof 35.0%(Dalton, 2020).
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Culture and incentives

On the culture and incentives capability, the themesrifeprenew academic
institutions and the Biganovate program emerged as the main themes that are conrected.
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,Wwould be unheard of in the USAA 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 hel1]. Another
emphasised how this culture worked in practitfel ‘went to a university in Stanford, the
University would have a lawyer at the meeting. In Galway, we get direct &¢Pd$y.

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 lbegn benefits accumulate (Harrisd2Q07).

Interviewees considered the tax treatment of shares and ghtgwas unfair. One
interviewee stated\When a starup is purchased, thgystenrules can mean over 90%x is
applied for thecash 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.

Incentivesin Universitieswerealsofelt to discouragennovation. Universitieseeking
equity stakes startupspresentasignificantissuetothestartup as‘wejust cannotgiveaway
equity in the company at this stdd®5]. Reducing the equity stakes requested by tleve!
institutionsfor companiego exploit hasbeenshownto increaseéhenumberof startupscreated
(Hvide et al., 2016). The equity stakes requested in Ireland are reasonable in comparison to
other countries. Figure 3-shows the equity stakes requested by ewel institutions in
different regions. Equity requests from thieel institutiols have significantly improved
[P2]. The institutions will request ownership of the bRt in the event it is of commercial
potential thecompany cabuythelPrightsatthecostof researctplus10%. Doingtheresearch

“is a nobrainer, you just pay ift's of use. The company cannot [b$812].
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Figure 4-3 Percentage equity requested by universities to exploit IP (Source: Author's own
work based on data from Benai@922)

Table4-7 summarisegiterview commentn the culturén theGalwaymedicaldevice
cluster.

Table 4-7 IntervieweeeommentsCulture andncentivegSource Author’'s own work).

Participantf Comment

P9 “You knowyou'reonly onephonecall awayfrom adviceif | needit. Thereis

only one degree of separatiam Galway.”

P9 “The Irish Medtech scenés veryopen anccollaborative.”

P3 “It's definitely an advantageébeingbasedn Galway,| mean there'sjust the

ecosystenthat's starting inthe subcultures.”

P10 “In Ireland, we havealmostopenaccesdo universities.If youwantto talk to

Stanfordyouendup witha lawyerin theroom.”

P8 “l cancall our biggestcompetitorand askthemquestionsandtheyhaveno

problem at allgiving mean answer.”

P3 “They all speakwith eachother[Medical device companies[heyall kind of
bounce idea®ff eachother.”

P3 “it's very,verytransparent.”

P14 “Galway is a small placewith lots goingon. Everyonehasworkedwith

everyone asomestage.”
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P3 “There's a lot of transparencyamongsthe startup cohortsin termsof what's

going on with othestartups.”

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 issye. Start
companiedasedin the universitystated, Thingshappen verglowlyin the collegeé. Systems
used for purchasing were particularly thie@nsuming and difficult. Collaboration between
academic institutions was noted as being poor. One interviewee stated you never see the

institutions“in thesameroom atthesametimé’. Table4-8 summarisegsultureandincentives.

Table4-8 Cultureandincentivesthird levelinstitutions(Source: Author's own work)

Participant| Comment

P8 “The University of Galway and ATU do not interact well togetirer
examplethereis little connectionbetweerBio-Innovateand theinnovation
hub.”

P8 “I'm notsure howwell theycollaborate betweerdepartmentsn the

university, nevermindbetweeruniversities.”

P10 “Someuniversitiesmakeit verydifficult to do R&D with becausdermsare

too onerous.”

P5 “You're a smallcompanytied up in theadminof a multinational.”

P2 “The universityequityis dilutive, sotherefore,theuniversity,if yougoonto

seedSeriesA series Byouknowtheycould bedown adow asoneor 2%

equity share.”

P5 “Things canhappenvery slowlyin the college; the cultureis just notlike
industry.”

P5 “Working on a COM fund you have, you canly purchase, through approv

suppliers so spending the funding can be slow.”

P8 “The University of Galway and ATU do not interact well together for exa

there is little connection between Bitmovate and the innovation hub.”

Infrastructure

Key themes that emerged under infrastructure capability include entrepreneurial
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activities, academimfrastructure, clinical accesnd reputationStartup firms in thecluster
lackaccesgolaboratoryspacein particular,“wetlab spacé. A wetlabis capableof processing
biological matter,such as blood and liquid substances. Wet labs need specialist drains,
ventilation, fumeénoodsandusematerialsresistantochemicalsandbacteriaWetlabsaremore
expensiveo build and maintain(University Lab Partners2021). Thenterviewsrevealed that
there is more than office spaaxuired for medical device companies.

The needfor thewet lab spacewasexpressedby entrepreneurandstartupcompanies.
Startups require lab space &mable rapid prototyping and development. One entrepreneur
summarisedt as"youneedtogetyour handsdirty” [P6]. Oncethe prototypingis donedevices
need to be tested in an “appropriate modeXnimal labs and cadaver labs enable testing of
medical devices before a fisst-human trial. The interviewees highlight that Ireland and the
Galwayclusterweremissinginfrastructurefor, animaltrials, cadaveistudiesandclinical trials
in humans. This delays the time to develop products and reqtiyieg “all over the world
P3. The inability to complete trials in Irelanddmages the reputation of the site to deliver
R&D projects” [P11].

Participants in the qualitative research have highlighted specific inde&itgd
weaknesses. One participgRtL3] stated, Clinical access in Ireland is poor, and it is almost
impossibleto completeaclinical trial”. Anotherhighlightedthatthey®startedatrial in Ireland
andUSAat thesamdime. TherewerelOOpatientsenrolledin the USA andthetrial in Ireland
had still notgotapprovalfrom the ethicscommitteeto startin Ireland” [P7]. Participantsalso
cited poor access to animal labs or cadaver studies in Ireland. Local infrastructure issues
highlighted involved traffic, parking, and housing. One interviewee staféel Have become
a victim of succesq4P14] and ‘People have been stuck for 1 hour to get out of the caft park

[P11]. Table 49 summarises the participant's comments on infrastructure.

Table4-9 Infrastructure(Source: Author's own work)

Participant| Comment

P10 “Ireland is well served. Universitiebavegoodincubators,andtheyhave

good labsfor companiego spinout of.”

P2 “The majority of spinoutsare actually on campus, buive just don‘thaveroom

for themanymore.”

P5 “A wetlab, mentorsanda pool ofexpertsthat could give somefeedbackand

advicewould reallyhelp startups.”
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P13 “The centerneedsheinfrastructure, and dedicatedoffice space.”

P2 “There's a massiveshortageof labs.”

P2 “It's notjustthetinkering in a dry lab anymorejt's gotto bebackedup with
someyouknow, wetab testing.”

P2 “There is noIrish acceleratorgoodenoughfor Medtech,our life sciencesbut
therewill be becausehere'slots of usapplying forgrantsto do it.”

P3 “l think thebig oneis missings theanimaltrials lab.”

P3 “Your first humanoptionslike in mostof themmustfly all overtheworld to do
thefirst trial.”

P3 “The ability to haveto do animaltrials in Ireland seemdo benonexistent.
Animaltrials are certainlya gap heran Ireland.”

P3 “Infrastructure that missingincludeswetlabs and maybeit's a small sterilizer
that you cangetfor 1st50 unitsterilized in and somdab testingdoneor rapid
prototyping”

P6 “Clinical wegointernationalfor clinical. In Ireland, theyare too stretchedfor
time. Clinical accesss critical.”

P13 “World -classclinical trials needan experiencedeamdedicatedo the
therapeuticarea.’

P6 “You needto getyour handsdirty for innovation,solabs are needed.”

P14 Theoffice spacein GMIT I-Hubshelpscompanies gedtarted.

P8 “(I -Hub) area,theydo a goodjob of providing space.”

P14 “The GMIT centersare goodfor companieshat do nothavemuchexperience

buthasan idea.”
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The difficulties in accessing wet labs, animal trials and clinical trisdglly damages
our reputation to develop produtt$P13] You need toBe close to the trial centerThe
physicalinfrastructure of the Galway cluster is reaching its capadigpacity is an issue. It
is madnesthatanewring roadwasnotbuilt [P16].” “Wehavehadpeoplegetin afight rushing
to getoutof thecar park” Faceboolpageshavebeensetup dedicatetio problemswith traffic
in the Parkmore industrial estatafkmore Traffic Jam<024).

Interviews stated a significant supply base had developed to serve the cluster. One
interviewee stated | ‘think we're well served with a lot of the different touch points for the
supply chain from raw materidls|P16]. There have been significant shortages of specific

materialsusedin the manufactureof plastics.PolytetrafluroethylenéPTFE) hassignificant

shortages;wehavebeenwaiting 18 monthdor newstockof PTFE”. “PTFEis a fundamental
building blockof almost all cathetefs[P8]. “We havehad to wait 18 months to get prototype
catheters madgP8].

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
accessindgundingfromventurecapitalists,governmentundingandgrantsandif somefunding
stages are more difficult than others.

Venture capitalists are another source of funding for MedTech companies; however,
they,too, haveheirchallengego dealwith. "Asidefrom El, otherinvestorsin Ireland will not
investuntil a miniclinical trial is done, scstartupsneedto usean acceleratoror reachoutto
USAventurefunds.lrish VCs aresaturatedwith investmentsn medicaldevices,and the Irish
investmentommunitydevaluesll our startups” [P5]. This cansignificantlyimpact startups
asVCs have been shown to improve innovation, growth, and sales efigsaBertoni et al.,
2011;FariaandBarbosa2014).The key benefitsapartfrom thefundingof aVC arecoaching
and adding credibility to the stawp (Bertoni et al., 2011). An entrepreneur did feel thiag “

VCs are excellent at selecting companies with a large potential dgsidel].

Angel investors in Ireland are important with one interviewee stating tiatHalo
BusinesAngelNetwork(HBAN)is usefulin providing funding” [P4]. Anotherelaboratedhat
"VCswill follow the smartmoney; ifthe rightangelinveststhe VCswill follow" [P16]. Other

avenues used are “the Disruptive Technology Innovation Fund (DTIF), European Innovation
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andTechnology,andthe European Innovation Council (EI@ith up to€2.5m availablenon-
diluting. However, the grants are administratively heavy and difficult to apply[fPdif. 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
andHardy,2023).This is aheadof increasinghelevel of grantsandeligibility that15% of firms
would like to implement. The DTIF will fund aminimum of€1.5m oveB3 years and requires
at least 3 independent partngiBisruptive Technologies Innovation Fund, 2023) (EIC
Accelerator, 2023).

Another interviewee discussed hogofne local companies have used crowdfunding”
[P4]. Anexampleof crowdfundings Auri GenMedicalwhichraised€2.3min Decembe2022

(Thompson,2022). “Local multinationals would be preparedto investin startups, but the

funding isgenerallycontrolled at headquarteron a siteout of the country“[P2]. Therecanbe

a mismatch in expectations, and a typical crowdfund investor wants their money baek in
or twoyears.Oneentrepreneureiteratedthe commentsandstateche“felt that multinationals
should do more corporate venturing, creating small funds to encourage accelel&6}s

The comparison of Ireland's funding mechanism with otegions was a recurring
theme. Israel was cited as an example whseed money is readily availabl¢P2]. The
government in Israel can play a more direct role as they are outside the EU, and unfair
competitionrulesdonotapply [P16] TheUSAwascitedas"It is notunusualfor a USAbased
medical device stadp to raise US$ 50 to US$ 80 million. Irish staps will be dripfed the
venturemoney‘[P9]. Anothermparticipantelaborated"Theinitial fundingin Ireland is seenas
excellent; there iplenty of money in the early stages (lots of grants), and the issue is raising
fundsin the later stages” [P10]. "a medicaldevicecompanytypically needsto raise between
€30mto €90min SeriesB and Croundsto fundclinical studie$ [P14]. Figure4-17 showghe
typical cash flow for a statip medical device company.

Grantscanhelp startupget establishecnd perhapgproducea prototype. Significant
funding isrequiredto completehuman omnimal trialsVCsdo not wantto investuntil after
successful firstn-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
commercializea medicaldevice Establishedompaniesvith salesarecontinuallyapproaching
andofferingfundingto thecompany. Onéntervieweestated; Becausave werea commercial
companywith atrack record of saleswewereinundated and hunted dowg VCS. Early-stage

entrepreneurs have a very different experience, with funding. Medical devices Hawatup
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costs typically between€30m to €90rh [P14] to get approval of a medical device. An
entrepreneur will find themselves ima “sprint between funding rouridg§P14]. If the
entrepreneur misses a project milestone, they risk either losing funding for the firm failing or
newtermsbeing imposedy investorsthatred ucepotentialreturnsTable 4-10 summariseshe

interviews on risk capital focusing on why risk capital is required.

Table4-10 Theneedfor risk capital(Source Author'sown work).

Participant| Comment

P2 “Unless you'vegotsomekind of a large potof moneyit's quite difficult to

pull togethera clinical trial and getit complete.”

P14 “Medical devicesusea lot of capital.”

P10 “Med techcostssomuchto bring to commercial.”

P10 “The costsare off the charts.”

P14 “A medicaldevicecompanytypically needso raise betweer€30mto €90min

SeriesB and Croundsto fund clinical studies.”

P9 “My philosophyis theonly timeto golooking formoneyis whenyoudon't

actually, needit.”

P5 “If yourfundfinishesyouare out of moneyand yourkind of kickedout of that

bubbleor safespace.”

P14 “I's asprintbetweerfundingrounds.”
P10 “Angels andVCswanta first-in-man beforeinvesting.”
P10 “The costto bring a productto marketgoesup andup andthis makes

investing difficult.”

Fundingis critical to entrepreneurghefundingsituationin Galwaycanbedifficult for
medicaldevicecompanies.The commercialisatiorof amedicaldeviceis bothtime-consuming
and expensive, requiring a lobgrm commitment to funding. The availability of funding in
theGalwayclusterhasimprovedbutwasdescribedy oneintervieweeas*a nightmaré [P8].
The governmentagency Enterpriseeland (El) hadsteppednto fund companie return for
equity ands now Europe’slargestseednvestor(Enterpriselreland,2022). Participants the
gualitative research from starp 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 stéatedire continually
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approached by private equity firms offering mdrnd3Q].

Table 4-11 summarisessomeof the issueswith risk capitalintervieweescommented

on.

Table4-11 Issues withisk capital(Source Author’'s own work)

Participant Comment

P14 “Small fundsare particularly vulnerableto changingcircumstances.”
P14 “You needto partner with VCsthathavedeeppockets.”

P14 “VCsin Ireland are a smallpool.”

P6 “Venture Capital hasseena dramaticimprovement.”

P6

“Irish VCis maturing.El hasdonea lot to helpit.”
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P14 “Funding hasbeena rockyroad. Variousfinancial crashesneanavailability

goesup and down.”

P10 “I knowmedtechVC in SiliconValley; theystoppedundingasit coststoo
much.”

P10 “Funding is weakerat a later stageoncegrantsandangelsare consumed.”

P8 “VC fundingis a Nightmare Wehad 15, differentclassesof shareswvhen

running our business.”

P8 “There is a funding gap betweerthe seedroundand postseedroundto your
SeriesA thatbit is a bit shaky.”

P8 “This makesnanagementfthe businessand selling the businessomplexas

in Ireland, thereis a gap betweeseedroundsand seriedA.”

The interviewees indicated that the funding situation has greatly improved over time.
Oneparticipantstated; therewas1 VCfundin Ireland in 1996, and nowvthereis a networkof
thent [P16]. Grantshavebeerof significanthelpin gettingcompaniestartedOneparticipant
statedthe“thereis plenty ofmoneyin theinitial stageqlots of grants) [P10]. Although there
is good availability of grants it has the downside of bringing significant bureaucracy. One
intervieweestated’, grantsmakeit very difficult, alot of redtap€ [P3]. Table4-12summarises
interviewees’ comments on grants and bureaucratlge ‘University of Galway Technology
Transfer Office encourages academics to move research into commercial use by linking the
researchto grantfunding”[P2]. ThegovernmendirectlysupportstartupsthroughEnterprise
Ireland (El). EI has become the largest seed investor in Europe (Enterprise Ireland, 2022).
However,"while El is seemasa good sourcef funds, theyare highly bureaucrati¢ [P2]. One
multinationalstatedhat“they did notwantto work with acompany fundethroughEnterprise
Ireland again as it was too much work and administrdf3).' Surveys show that 57% of
companies said the red tape associated with grants puts them off applying for them (Higgins,
2022b). Elfunding,however, ismportantfor thelrish Med Techcluster,as surveyshowthat
80% of starups find getting private capital difficult or very difficult (Scale Ireland, 2023).

A highpotentialstartup cangetcommercialfundingof approximately€500k inreturn
for 10% equity in the company, which gives the stgrtan instant valuation of €5M. For
example,onerespondenstated'However]rish staterules mearthat El is not allowedto own
morethan 10%of the companyThefunding isdesigned tagetthe productto animaltrials and
secureinitial Intellectual Property (IP)” [P5]. Thus, funding may not coverthe full amount

required to get thproduct to be launchednotherparticipanthighlighted "It is important to
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talk with VCs at least a year before commercialisation funding runsoage that funding is
spent, it is like getting thrown out of the little buliblie4].

The high initial valuation that EI puts on the company has some unintended
consequences, adof' later-stage potential investors, the high valuation can make any
transactionfinancially unjustifiablé [P10]. Theyfurtherelaboratedhat”from concepto sale
can take 9 years as the costs are off the claad, 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 awglsficant dilutiori [P16].

In generaltheparticipantsseefundingfrom El aspositive, buthetypesof shareghey
demand were seen as an issue “as El require convertible redeemable preference shares as a
conditionof fundingandthesharealsohasacoupon (Interestate).In addition,in theeventof
the company closing, El shares have first preference over the remaining gggetEl was
alsoseemas'slow” byanothecompany andnot moving atthespeedftheVCs” [P14]. Table

4-12 summarises risk capital, grants and bureaucracy.

Table4-12 RiskCapital,grantsand bureaucracySource Author's own work)

Participantf Comment

P14 “The early-stageenterpriselreland grantswasa straightforward process.”
P14 “Grants allowedthecompanyto hire consultantsgetyoustarted.”
P10 “The initial fundingin Ireland is seenasexcellentthereis plenty of moneyin

the initial stages (lots of grants), and the issue is raising funds in the latg

-

stages.”
P10 “Funding in Ireland is excellentthereis plenty of moneyin theearly stages.”
P16 “There was1 VC [venturecapital] fundin Ireland in 1996,andnowthereis

a networkof them.”

P16 “Ireland badlyneedsanotherl or 2 seednvestingorganisations.”

P3 “Grants makeit verydifficult, a lot of redtapeto gointo thegroundand

arrangeand all ofthat.”

P3 “The DIF [Disruptive InnovationFundit's very pedanticin termsof the

requirementdo claim backmoney.”

P5 “The com[commercial]fundthey’ll typically fund upto half a million,
maybe600,000.”
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P5 “There are grantslike Horizon2020andthere'sEIC [Europeaninnovation
Council] grantfunding.”

P3 “The grant processs very pedantic Asa consequencaye're just notgoing
to engagegoing forward.”

P14 “Enterprise Ireland is very slow.”

P3 “There is definitely a lot of bureaucracyaroundthe Disruptive Innovation
Fund grants.”

P14 “El [Enterpriselreland] canbeslowanddoesnot moveat the speedf the
VCs.”

The interviewees emphasized the importance of reputation and being connected in the

cluster.Oneintervieweecommented VCsinvestin peoplé [P8]. They explainedthewhile the

concepbfthemedicaldevicevasimportanttheVCswantedto investin teamsthatarecapable

andcanexecuteHaving anestablishedentrepreneuon theboardor investingin thecompany

is a signal that the team is capable and will help at#f@danhvestment. One participant stated

the “VCs follow the smart monejP16]. Being in the Galway cluster makes it easier to get

alreadyestablishedntrepreneursn board Table 4-13 showgheimportancelists someof the

comments from interviewees related to reputation and risk capital.

Table4-13 Riskcapital,theimportanceof reputation $ource Author's own work)

Participantf Comment

P8 “VCs investin peopleandyourreputationis essential.”

P9 “Knowing whois at leastasimportantasknowhow. For funding being
connectedn the clusteris essential.”

P16 “VCs will follow the smartmoney;if theright angelinvests,the VCswill
follow.”

P14 “Reputationis essentialthe Galwaylocation helpsVCstakean interest.”

P2 “US investorsdo like Irish companiestheylove Irish startups.”

P14 “View of international investorsfrom the USAis that investingin a firm that
already has government money is like investing in a company with
communistdn it.”

P2 “Local multinationalswould be preparedto investin startups, butthe

fundingis generallycontrolledat headquartersn a siteout of the country.”
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P10 “The VCsare excellentat selectingcompaniesvith a large potentialupside.”

Many researchers have identified the positive impaateafure 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
investmentn Irelandaccountedor 0.106%o0f GrossNationallncome(GNI). This is just20%
of the rate in the USAnd 25% of th&/C 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). Therare many different methods of funding innovation and -siast
globally. Figure 44 details typical funding sources utilized by MedTech companies in the

cluster based on the stage of the company and the investment level required.

Tax Credits ki Publicmarkets,
Capability Grants Mergers & Acquisitions
Employmentgrants
30m J
Later stage VCs.
Earily Stage
Venture Capital
First in human 5m W -
! Equity investment €500k to €15m
[ = DTIF 1.5M EIT Health
@ EIC Accelerator Max €2.5M
s E El Start
| v upVC
Animal trial, U \
safety & efficacy 800k E El
-_ Commercialisation
Funding €800k
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- i : Agj i

innovation fund

Identified &
" 100k Grants, El

a
« FundingFriends,
opportunity. Familvg
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J

Series Early Late
Preseed Seed ABC stage Stage Mature

Investment stage of company

Shaded box represents grant

Figure4-4 Investmenbptionsatdifferentstage®f a company (SourceéAuthor’'s own work).

The risk reduces as a company develops its devicejrfilstman use or positive
clinical trials arekey milestonedor astartup company. Asherisk is reducednore sourceof
funding become availablélhe risk is reduced in a series of inflexion points, a demonstration
of safetyand efficacyin ananimaltrial is a key inflection point thatreducegisk. Thereis a
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significant gapin funding betweemgrantsavailabletypically lessthan€1mand the €30mto

€90m funding requiretio commercialisea medicaldevice.

Figure 4-5 shows theendin VC activity in Irelandfor medicaldevice
companiedased owlatafromthelrish VentureCapitalAssociationVCA) (Larkin,
2023). VCinvestments for nomedicaldevicecompaniehave beememovedfrom
the dataData for the Galwagluster is not available, but as Galway is a significant

part of the medical device industtye data is relevant to the study.
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Figure 4-5 Venture Capitalctivity in Irelandfor MedicalDevice companies
(SourceAuthor’'s own work)

4.1. Entrepreneurs

Entrepreneurs emergedakeythemeof theSSIsFigure 4-6 showsehainof 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 stap attracting a new multinational to the Galway cluster.
Novate waspurchasedby BostonScientific (BSC), further reinforcingBSC’s presencén
Galway.On averagein this example,the stadupswere bought 9.2yearsafterthe firm was
initially founded.The process ostartups being bought by multinationals generates a pool of
serial entrepreneurs and investors (Bruzzi and Linehan, 2013b). The cluster is desdribed

its “third wave” of startups (Roddy, 2022firms in aclusteroften sharea
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common lineage with a parent firm (Chandler and Saxenian, 1995). Mamcasshictor
businessem Silicon Valley cantracetheir origin to Fairchild semiconductowhich spawnea

series of sertonductor companies for example Intel (Chandler 8adenian, 1995). The
common heritage that is present in the Galway cluster helps improve collaboration and

communication.

Year
1990 19911992 1993 1994 1995 19% 1957 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Novate (2006-2018) BSc ]

Kite Med (2016- ]

CR BarCﬂ Med Nova 199 - 2005 Neuravi (20092017 BJ
Medtronic

WhiteSwell (2014-

~

Smart Reactor

Veryan Medical (2005-2018) oMD
(2019 )

EmboMedical

(2012-2016) CR Bard Perfuze(2018)

Figure4-6 Startupsn the Galwayclusterbeing spawnedfrom CR Bard and otherstart
ups(SourceAuthor’'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 successfusaleof a startup enable®therstartupsto beformed.Table 414 listssomeof
the key entrepreneurs in the Galway ecosystercharacteristic of a successful cluster is the
recycling of entrepreneurs, i.e. ttrepreneur founded several startup companies (Masbn
Brown, 2014). The serial entrepreneurs are generating a series afpstimpanies, that

employees of then go on to start other companies.

Table4-14 Entrepreneursledical DevicesGalway( Source:Roddy, 2022).

Entrepreneur Companiesounded

JohnPower Aerogen

JohnO’Dea Crospon Palliare,Ceroflo

JohnO'Shaughnessy | Mednova,Neuravi

PaulGilson Mednova Novate/VeryarDirector ProVerum/BlueDropMedical
DeclanQuinn Ascentifi,investorProVerum manageXenium

EamonnBrady Whiteswell/Mednova/Novate/Ceroflo
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Medicaldevicestartupsaretypical of anInnovationDriven EnterprisgIDE). IDEsare
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 Figuré. Zhe SSI indicated that for the

entrepreneur, funding was the most significant issue they faced.

Figure 4-7 Typicakashflow to exit for a medicablevicestartup(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 stgu$ in Ireland has been increasing.
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Figure4-8 Medical DeviceStartUpslreland (Source: Author's own wor
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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 compleRibe 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
ratesfrom 1990 t02020s. Theaumberof startupsin the Galwayclusterhasincreasedandthe

complexity ofdevices they manufacture has also increased.

4.2. Startups-Innovation at the bleedingedge.

Interviews with companies revealed that all the startups in the cluster seek to develop
medicaldevicedor unmetclinical needgP 5, 6,7,9 and10]. Startupsfocusonthemilestones
required for the next funding round. The innovation process is a series of fptidithat
involve doing anything required to achieve the next milestone. Ininterviews, the startups shared
stories of what they did to make the next milestone. One company usetlpigsto 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. Théloochan
did notclot, andthe devicepassedherequiredtesting.

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
piercethe breastbonéut not entetheheart.The engineers did not want to wastee getting
adoctorinvolved, so theytookturnsstabbinghemselvesvith theneedleTheyall werepleased
the needle did not penetrate their heart. The team demonstrated that thgeiskgfstabbed
in the heart with a needle was less of a concern than the risk of missing the next funding round.

A laryngealmaskairway (LMA) is alessinvasivemethodof achievingintubation 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 storiesthecompaniesharedd emonstratetheircommitmenttodeliveringsuccess.

The use of industrial standard innovation systems or processes was weak. The focus of the

companiednvolved is a sprint to thenextmilestone.In medicaldevicesblood on the carpet
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canbevery literal. They allbelievedtheir new productwould sell ata premium priceasit 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 timcumbent products. Another characteristic of
disruptive technology is that incumbents view disruptive technology as inferior; for example,
PCsdisruptthemain framemarket.Theincumbentcompany doesotrespondo thedisruption
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
companiesvithdrawfrom thelow-end marketsegmentleavingit freefor newentrantsotake
advantage (Christensen, 1997).

It can be difficult to identify if a new medical device is disruptive as defined by
Christensen. Thenantra oimedical devicestartupsn the clusteris to provideasolutionto an
unmet clinical need (Denend, 2017).

Aortic stenosis (AS) is the most frequent heart valve disease. Traditional surgery to
repair the valve is complex requiriranesthesiaa transthoracic incision and extracorporeal
circulation for saphenous vein grafts. 33% of patients were refused treatment as the surgery
was too high a risk (lung et al., 2005). No treatment means the condition is terminal.
Transcatheter aortic valve itaptation (TAVI) enabled the repair of heart valves through
minimally invasivemeansThe valvesare notcheapethantraditional heartvalves,sotheydo
notappeato bedisruptive(Berlin etal., 2015). Iftheentire procedurés consideredthenTAVI
is disruptive. It enables a simpler procedure to be performed through an incision in the groin.
Anaesthesia is notequired; the complexity of transthoracic incision and extracorporeal
circulation for saphenous vein graftsis avoided (Braile and Evora, 20h@wAliscipline 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, egalelss skilled practitioners to complete
theproceduresTAVI’s establishmenin themarketis thenormfor adisruptivemedicaldevice.

Initially, there is a pool of patients that have no treatment options. Major surgery becomes a
treatmentthisis replacedoy aminimally invasivetreatmentThe minimally invasivetreatment

is initially offered to patientswho cannotundergotraditional surgery.Oncethe 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 46 compares the TAVinnovation with the disruption model proposed by
Christensen. For new market disruptions, Christensen states the target market is non-
consumptionj.e. theintroduction ofa new productcreatesnewdemandrom new customers
thisis typically customersvho cannoaffordthetreatmentFor TAVI, nonconsumptions 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 medicaldeviceshew marketdisruptionsdonot needto offer alow-costdevice
tobesuccessfulTheinitial patienthadno alternativetreatmentandpricing wasnot a barrier
to use.Medicaldeviceghattreatanunmetneedgrow the overallmarket.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 reducghristensen and Raynor, 2003). A study by Mohammad et al. (2022)
foundafactorof 4 increasan minimally invasiveheartproceduresndimprovedoutcomegor
patientsn 12yearsfrom 2005. Overallmorepatientsveretreatedaspreviouslypatientsvere

not offered risky opeiheart surgery and were given a minimally invasive procedure.

Table4.6 Unmefclinical needdit in theapproactor thenewgrowth model
(Source: Christensen and Raynor, 2003)

Dimension Sustaining Low-end New-Market TAVI Fit
innovations disruption Disruptions
Targeted Improve Performance Lower Itis aless
performanceof | attributesmost | that is good performancen | complicated
the product or | valued by enough at the | “Traditional” procedurea
service. demanding low endof the | attributes, but | more
customers mainstream typically complicated
market. provides device.
simplicity and | Significant
convenience. | conveyancédor
the patient.
Target Most profitable | Overserved Norn- Treatment for
Customersr customers in customersnthe | consumption patients who
market mainstream low end of the | customers have no
markets. mainstream typically lack alternativej.e.
market. the money to | non-
buytheproduct.| consumption.
Impact on the | Improve or Uses lower Business Reducesverall
businesgnodel | maintainprofit | grossprofit but | modelsnust costs for health
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margins by high asset makemoneyat | service. Note
exploiting the | utilisation to thelower price | the medical

existing earn an point. devicemaycost
processeand attractivereturn. more.
costs

Advantages of minimally invasive procedures include less postoperative pain, fewer
complicationsshortenedospitalstay,fasterrecovery lessscarring,lessstress on thenmune
system, reduced operating time and reduced costs (Mohiuddin and Swanson, 2013). Startups
developing producti®r unmetclinical needsarecreatingnewmarketdisruptions. Christensen
and Raynor (2003) recommended that the strategy for the new entrant is to capture the new
growthandavoid competing irtheestablishednarket. Medicaldevicestartupsin theGalway
cluster target market disruption devices the sip# refer to these devices as a device that

meets antinmet clinical need

4.4. The Reason thatmultinationals establishedin Ireland andthe Galway cluster.

The Europearunion (EU)is theworld’s secondlargestmedicald evicemarket(Fortune
Business Insights, 2020). Ireland was able to attract the world’s largest medical device
companies due to its proximity and taifee access to the EU, relative cost competitiveness
and responsive regulatory systems (Bamber and Gereffi, 2013). Irdamasrporate tax rate
(10%in the1990s)is oftenquotedasareasorfor FDI. While its acknowledgedorporate tax
ratesplay arole in FDI, Higgins (2022) suggestslternativereasondor a skilled workforce,
stability, membershign theEU, andaregulatoryregimeconducivetodoingbusinessMedical
device firms selreported 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
achieveEUregulatory approvah 9 months;it wouldtake30 monthsfortheequivalentproduct
approval in the USA (Daigle and Torsekar, 2019). Developing products in the EU enabled
medicaldevicecompaniego launchnewproduct21 monthsfasterthanin theUSA. Figure4-

9 plots the time per market for regulatory approval.
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Figure 4-9 Averagéimeto approve a medicaevice(Source:Author's own workbasedon
data from Daigle and Torsek&019).

4.5, Impact of FDI onthe medical devicecluster

Giblin andRyan(2012), in their paper‘Tight clustersor loose networksemonstrate
how public policy created a cluster focused on cardiovasddsaices in Galway City. The
paper identified 42 medical device companies in County Galway in 2009. They also highlighted
thatthecoreof the clustersvasbasedontwo multinationals,BostonScientificand 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, 202Ryan and Giblin, 2012). 59% of FDI projects in Irelasaimefrom USA-
basedcompanies(de Freine et al., 2023). It is recognisedthat “Ireland did not have an
indigenous medical device clusteit 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
creatingclusters.The authors citeevidencehatFDI in clusterscontributes taheadvancement
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 established64% of the foundershad previouslyworkedin a medicaldevicemultinational.
Chatterji(2009)stateghatmedicald evicestartupgperformbetterf the foundethasworked in
an industry with similar regulatory requirements the life science industry, founders with
industrial experience are more likely to have a successfub$pand generate more funding
(Curran et al., 2011)It is proposed that industry/ business knowledge gives an advantage in
clinical trials andregulatoryrequirementsandin translatingsolutionsto unmetmedicalneeds
(Curran et al., 2011). Studies of 153 higlchnology startups show founders who have the
same industry experience have a strong positive effect onstagy growth (Hashai and
Zahra,2022). Thecurrentevidenceof therateof medicaldevicestartup creation,innovation,
andsustainabilityof multinationalcompaniesupportssiblin andRyan’sanalysisthatFDI 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
investmentfrom USA multinationals(Brazysand Regan,2021,Ryanand 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
deviceemployeesvork in multinational companiedultinationalsalsod ominateexportswith
90% of medical device exports from multinationals (Department of Business, 2020). The 43
largestMedical Technologycompaniesvereidentified(lrish Times, 2021). The43 companies
have 71 sites in Ireland. 75% of these areddSed multinationals, 10% are Irish and 4% are
German (McKernan and McDermott, 2022).

Of the medical device staups in Ireland, where the background of the founder could
be established§4% of thefoundershadworkedin a medicaldevicemultinational.lt hasbeen
recognised internationally that medical device gtag perform better if the founder has
worked in an industry with similar regulatory requirements (Chatterji, 200€)eliflescience
industry founders with industrial experience are more likely to have a successfolfsanat
generatenorefunding (Curraret al., 2011).1t is proposedhatindustry/businesknowledge
gives an advantagedtinical trials, regulatory requirements, and translating solutions to unmet
medical needs (Curran et al., 2011). Studies of 153tkigimology startips show founders
who have the same industry experience have a strong positive effect ostagelygrowh
(Hashai and Zahra, 2022).

170



Ryan and Giblin (2012) state multinationals have established critical capabilities
requiredto developasuccessfuinedicaldeviceclusterin Galway.Thesecapabilitieshavebeen
established in a fewgpecific medical technology areas. The benefit of multinationals in
providing askilled pool of personnehasbeenrecognisedy BruzziandLinehan, (2013b). The
founders of medical device stanps in Galway acknowledge that multinationals helped them
developtheir softercapabilities, for example,internationaland clinical contactsTypically,
there are several large established businesses at the heart of an entrepreneurial ecosystem
(Masonand Brown, 2014).

Hanelletal. (2021)foundthatmanagersf small andmedium enterprise€(SMEs)who
had previously worked for a multinational are more likely to start exporting early in the firm’'s
creation. They also highlight thatishncreases the riskas 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 statps are founded by entrepreneurs who had been employed by
multinationalswe canconcludemultinationalsarethedriver of theMedtechclusterin 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 codlaps

The MedTechclustelis seenasasignificantsuccessriggeredinitially by foreigndirect
investmentrom USA multinationals(BrazysandRegan2021). The multinationalsof Boston
Scientificand Medtroniccreatedwhat Perroux(1955)referredto asa“growth pole” basedn
Galway. Multinationacompanies dominate the MedTech sector in Ireland. These companies
beganinvestingin thelate 1960s, withkey investmentsn the 1990s. Multinationalsepresent
40% of the MedTech companiesbut represent90% of the employment (Irish Times,

2021, Keogh,2022). Multinationalsites that were establishedin Ireland beganwith
manufacturingand all critical controlsin the USA. A generationon from the initial
investments, thsiteshaveaddedR&D andsignificantglobalsupportfunctions(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
(EN), Industrial Development Authority (IDA), the Irish Times’ top 1000 companiedy Iris
Venture CapitaAssociation (IVCA) web searches, and newspaper archiveslist includes
thecompany, yeaestablishecandnumberof employeesThe numberof employeesvasbased
on the publicly available information; however, the publicly stat@uber of employees can

be inaccurate For example,in interviews,an executiveat a manufacturingsite stated,"We
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always understate the numbers employeditah-[P11]. The reasons given for understating

the numbersvere“welike to keepa low profile and withinthe corporation, wedo 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 headcourgitnin Irish Medtecltompanies 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.
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Figure 4-10 Cumulativbsbasedon the yeaMedtechsiteswereestablished
( 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 Galwaywtlictter
have followed this growth model include Medtronic, Boston Scientific, ZimmerAabott.
The Galway clustes a literal A to Z (Abbott to Zimmer) of medical device compani&s.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 4t shows a model of site capabilities maturing over

time.AsthesitematurestherisksinvolvedarereducedQuality problems andecallsaremuch
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lesslikely to occurin maturesitesthat havedevelopeda high level of capabilities(Walsh,
2022). The Irish sites have become reliable andriskvlocations for further investment.
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Figure4-11 Modelof Manufacturing SitéMaturity (SourceWalsh 2021)

Medtronic and Boston Scientific are placed at a level 5 in the maturity;ibddxare
global centes of excellence with several hundred people involved in leading global R&D
efforts.Dexcom,whichis establishingamanufacturing sitéor 1000 employeem Galwaybut

just started breaking ground in January 2024, is at the implementer stage of maturity.

4.6. Therapeutic categoriesof medicaldevicecompaniesin 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
gatheringthe data based dheHarmonisedCommodityDescriptionand CodingSystem(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 Galstayislparticularly
strongin theexportsof cardiovasculadevicefMcKernanandMcDermott,2024a) Galwayand
Ireland’s medical device exports are based on a few narrow categories of medical devices.
Some categories of medical devices are completely absent from exportsasstegbital
equipmentsuchascomputedaxialtomography (CATkcannersFigure4-12 showscategories

of medical device exports.
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Ireland Medical Device exports (2010 -2021)

m Vascular m Orthopedics m Ophthalmic

B Pacemakers B Respiratory M Electro Dia

Figure4-12 Ireland'sMedicalDeviceExports2010 t02021 SourceAuthor’'s own work
basedon data from the United Nations Statistics Division, 2022).

4.7. The physical scaleof the medical devicecluster

To asses# themedical devicendustry haslusteredn specificgeographidocations,
the authors reviewed the number of medical device startups in each county. Apstart
typically have a low number oémployees the number of startups is used rather than
employmentumbersn thecompany. Astartupwasdefinedasa medicald evicecompanythat
was founded between 2010 and 2020 is indigenous to Ireland. Indigenous means the
entrepreneuor theexecutivemanagement afgasein Ireland.Excludedis acompany formed
in thelastbetweer2010 and2020 butrelandis a secondsiteand theexecutiveeamarebased
abroadThe datawassummarisedoy county.The populationof the countywasobtainedfrom
the Central Statistics Office (CSO). In Ireland, there are 13.1 medical device startups per
100,000 people.In a nonelustered industry, each location would have approximately 13
medical device startups per 100k population. Natural variation in results around the central
meanis expectedCountyGalwayin Irelandhasovertentimestheaveragestartuprateat 130.2
startupgper100,000 populatiormwelve countieshadmedicaldevicestartupsand20 counties
had zero startups. Table1s lists the number of medical device startups by county, the
population of the county and the rate of stgs$ creation per 100k of population. The table

lists counties from highest starp rate to lowest stattp rate per 100k of population.

174



Table4-15 Rateof Startupsn Proportion taPopulation $ourceAuthor’'s own work)

County No. of Population(2022) Startupsper
Startups 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 startips andestablished firms was plotted on a map of Galway, see
Figure 443. All the stadups and multinationals are within 10 Kilometers (km) of the center

of Galway City. The blue square in Figurdd-has 5 km of sides.

L1

o
e

# Start-Up Established /Multinational Company

Figure4-13 Medical Devicecompaniesn the GalwayEco-system (SourcéAuthor’s
own work).

Looking more closely we see the medical device companies form seveidlsidos
within Galway City. Figure 44 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 anddistiesure agreements.

Smallermedicaldevicefirms haveclusterednto thesamebusinesgparkswherethese
companies were originally founded. Other physical clusters are concentrated on university
campuses (Figure-#4). The grouping in Atlanti@echnology University is based in an
incubator called | Hubs.
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Figure4-14 Medical DeviceClustersin GalwayCity (Source:Authors'own worK).

McCormack et al (2015) discusseda survey from the Medicon Valley (MV) in

Scandinavia to contrast the Mduster with the level of open innovation in Galway’s (in
Ireland) medical deviceluster. The papereviewstheresultsof 31 medicaldevice companies.
Inthe 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 increasein funding at Weber StateUniversity in Utah USA resultedin an
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increasdn entrepreneuriafctivity within 5 miles of the university. Theeffectwasnotseenin
areas between 5 and 50 miles (Tartari et al., 2021).

RuniewiczWardyn (2020) findg&nowledge 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 toeesatial
embeddedness and trust.

RuniewiczWardyn(2020) findsknowledgespreadsnorerapidly in urban areaslose
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 exchahges wi
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 physicalevidenceshowsthatlocationis importantin the proliferationof a cluster.

It cannot be considered that the island of Ireland is a medical device cl@testers are
geographically contained regions. For example, Germany listeetiical device clusters in
specificgeographicalocations(SchmidtandFlemming,2018). GalwayCity meetsDelgado’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 clustersare initiated

Silicon Valley is documented as the classic industrial cluster. Government funding of
university researched to the creationof firms thatfeedoff thatresearcHEtzkowitzandZhou,
2018). It is typical for a Western entrepreneurial ecosystem to develop aroundclassid
researchnstitutes(Miller andAcs, 2017).Cambridgan theUnitedKingdom (UK) is another
exampleof auniversity generatingnindustrialcluster.Silicon ValleyandRoutel28in Boston
aretypical examplef clusterdevelopmenthatcloselyfollow thetriple helix modelin which
government, industry and research institutes lead to the creation of a cluster (Etakowitz
Leydesdorff, 1995).

Clustershavealsobeershowntogrowfromatraditionaindustry forexample asurgical

instrumentsclusterin Tuttlingen, Germangrew basecdn localfactorconditionswith a cluster
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startingin the 17" century(Halder,2002). Tuttlingerhadno third-level institutionsuntil 2009
when duetolocal stakeholdenebbying, ahirddevelinstitutionwasestablishedDivus,2024).
Large cities cancreatethe environmentfrom which clustersgrow. Startupshave established
and generated clusters Asian cities where the population was over 10m. There nas
identifiable knowledgehub in the city, yet the cluster spontaneoushappeared(Hemmert
etal., 2019). The scaleof theAsia cities providedthephysicalinfrastructurefor new firmsto
flourish. Densédocationsenablenewentrepreneurto ariseasit’s possibleto establistthesocial

tiesandknowledgenecessaryo createa startup (Sorenson andludia, 2000).

Purposeful government action can aid in the establishment of clusters. Mauritius had
no specificresourcesdutdevelopeda garmentindustry on thdackof intentionalgovernment
action (Cassidy et al., 2009). Mauritius has created policies to gremak medical device
cluster (Mauritius Medical Equipment, 2022). It focused on gaining favourable trade terms
with IndianandAfrican countries(LEFEVRE,2023). Thefavourabletrad etermshaveenabled
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
Englishspeakingworkforce, flexibletax,membershipof theEU andactively promotingitself
hasencouragedrDI.In Galway,theFDI hascreatedamedicaldevicecluster(Giblin andRyan,

2015). Itis recognisedhat“Ireland did not haveanindigenousnedicaldevicecluster”,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 sgincompanies 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
presencef fundingfroma stronglocal mutualfundsthathadestablishedn theareaandaccess
toclinical institutions, Mayclinic is basedn theCity. contrasthesucces®f theMinneapolis
cluster with Zimmer founding in 1927 in Warsdwdiana. 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.

Examplesof clusterdevelopmenshowthatclusterscanbe initiatedin manyways.The
classicaltriple Helix modelof clusterdevelopment oesnot capturehow manytypesof clusters
have been established.
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4.9. Innovation: R&D spend.

In their paper, Sultan et al. (2021) asknidltinationals are killing innovation”.The
authorsaccusemultinationalsof “choking disruptive technology”. This accusationseems
unusual in an industry that is characterised by a constant flow of innovation (Maresova et al.,
2015),andwheretheaveragdife cycleof aproductis 18 monthgBamberandGereffi,2013).

Other evidencesuggestanultinationals’ behaviouris 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. Vag sbhowed

that forincremental products, 66%erejudged to baa disappointmentA surprising outcome

is thatthemoreradicalthenewproductthemorelikely it wastobe consideregsuccessEven
thoughincrementaimprovementsveretheleastlikely outcomefor successthisis thestrategy

many large companies applied (Eatoek al., 2009). Startups produce more impactful
inventions per dollar spent than established fi{f@kou, 2020).

Multinationalsmay be unableto capitaliseon disruptiveinnovation dueo focusing on
incremental innovations to existing products (Chatterji, 2009). Small and medium firms are
twice as likely tolaunch radical innovations on the market (Bamber and Gereffi, Rigtiz}al
device multinationals have outsourcednuch of their research andlevelopmentR&D) to
startups (Lynn et al., 2019).

If innovation isimportantandlarge companiesare pooratinnovation,we expectlarge
companies to be replaced with dynamic younger companies with greater innovatian.
review of datafromthetop 100 medicatlevicecompaniestheaverageageof a medicaldevice
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 ™@&Phas declined from 60 years in 1958
to less than 20 years in 2021 (Hunsaker and Knowles, 202).medical device industry
showssignificantstability, with theaverageageof thetop 100medicald evicecompanieseing
over 50 years compared to less than 20 yeardhier atd ustries of similar scale.

Figure 445 shows the R&D spend of the top 100 medical device companies

establishedandtheir revenuesn 2021.93% of companiespendalargerpercentagef revenue
on R&D than IrelandThis is despite Ireland having an effective tax rate8df5% 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 Developm{@ECD.Stat, 2023).
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Figure4-15 PercentagR&D spendin multinationalsand Irelandin 2020.
(Source:Author’'s own work)

Sultan et al.(2021) proposed that large multinationals leave innovation to smaller
companiego savemoneyon researcland reduceheriskstheyface.The averageR&D spend
forthesectomwas9% of therevenue(Medical DesignandOutsourcing2021). The datashows
multinationals are prepared to spend significant funds on R&D. The question it triggers is as to
whatproportion will be spermdn 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
spendof multinationals.The R&D expenditure in Ireland should be 3dsrgreater to match
theindustrial averageTable 4-16 compares somiey statisticor Ireland's medical device
companies compared to typical multinationals.

The costof R&D engineeringn Irelandis “approximately half that ofthe UnitedStates,
and accessing talent is easier in Irelan®&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 Tablel8, 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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Table4-16 Comparing recerdind establishednedicald evicecompaniesvith thosein
Ireland Gource: Authorsdwn work)

R&D Spend Revenuger % USA Employees Revenue

(% Revenue) employeeUS$ US$
Established> 25 years 7.50% 285k 53% 19,509 4.8B
New < 25years 15.70% 344k 79% 2,776 723M
Ireland 2.80% 323k 90% 46,000 15B

An explanation for large multinationalsnderperforrancein developing differentiated
productds thatthey havebecomehighly successful andapablen specificcore productgnd
alternativeinvestmentsppeato belessprofitable.As companiedvecomedarge, entering small
marketsbecomes 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
establishedirms almost alwaydeadtheway in incrementainnovation. Somef thesecanbe
radical.lt is difficult for atoo newproductto replacetheleadingcompaniesThe datafromthe
medical device industry support Christensen's view that established companies maintain their
lead in their established medical category, and it is diffioulhew companies to unseat with
similar products. Buying startufis a methodfor large multinationalsto overcomennovators'
dilemmas and release differentiated products.

The author reviewed the twenty largest medical dexocagpanies globally (Newmarker
and Salemi, 2021). Companies with a significant presence in Ireland were seléet duitial
treatment the company offered when established was identified from the firm’'s website.
Companies that sold pharmaceuticsilscewhenthey were bunded 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 andStrykerwere foundedto manufactue orthopaedigproductsalmost100
years later, the companies are still focused on the same therapeutidhareampanies have
implementedsomeradicalinnovations.For example,Zimmer hasdevelopedobotic solutions
to assist in orthopaedic surgery (Zimmer Biomet, 2023), but after 96 years, it is still an

orthopaedic company. Table14-shows the stability of medical device companies.
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Table4-17 Stabilityin TherapeuticTreatmentOffered by MedicalDeviceCompanies

(SourceAuthor’s own work).

COMPANY Year Age | Initial Therapeutic 2023Therapeutic
founded| in Treatment Treatment
2023.

Siemens 1847| 176| Electrotherapynd Electrotherapy and

Healthineers imagining X-Ray imagining diagnostics

EssilorLuxottica 1849| 174| Ophthalmic Ophthalmic

Johnsorand 1886 137| steriledressings Conglomerate,

Johnson collection of
companies.

Zimmer Biomet 1927 96 | Orthopedics Orthopedics

Stryker 1941 82| Orthopedics Orthopedics

Medtronic 1949 74| Cardiovascular Cardiovascular

(Pacemaker)
BostonScientific 1979 44| Cardiovascular Cardiovascular

The literature review shows that medical device multinationals have outsourced some
innovation to startups (Lynn et al., 2019). Tim&ltinationals invest significant resources in
internal R&D, and iiis focused on its core treatments. Startups provide significant innovation
in differentiatedoroductgor currentlyunmetclinical needs. Startupsandmultinationalshave

a symbiotic relationship, with both parties benefiting from the process.

4.10. Patentsasa proxy for innovation

Patent applications are an outcome of research. R&D spending is an input and can act
as a proxy measure for innovatidrhe Global Innovation Index (Gll) useatents and R&D
spending as indicators ftineir innovationmeasures (Duttat al.,2022a).Trajtenberg(1990)
states patents are the only objective and observable measure available witgraumdied
“claim for universality to measure innovationPatent data gives insight into innovation by
providing comparative data both regionally and temporally (O’Cearbhaill et al. 2019).
Evidence from the European Patent Office suggestdMigdtechindustry in Ireland has
become increasingly innovative (EuropeaneRatOffice, 2020). Figure 46 shows the
increasing trend of European patents granted to Irish companies. Per head of population,
Irelandhasthe5thhighestratein theworld onmedicalpatentswith IrelandbehindSwitzerland

and lIsrael, both of whom have successful device clusters (O’Cearbhalll et al., 2019).
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European Patents granted (MedTech).
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Figure 4-16 European patemsantedMedicalDevices(Source: Author's own work basedon data
from the European Patent Office, 2020).

A search of patent databases globally was completed. The patents were searched for
the beneficiabwner having “Galwayin the addresdhe International Patertlassification
(IPC) code for Medical Devices61 was used. Figure 4-17 shows the increasing trend of

patent applications involving the Galway cluster.
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Figure 4-17: Global Medicdbevice Patentwith GalwayAddresses iBeneficiaryField
(Source:Author’s own work).

The medicaldevicepatentsn Galwayaremostly associatedvith thecardiovasculatreatments.
The cell diagramin Figure 4-18 shows the keywordad companythat madethe patent
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application. The words are associatedvith minimally invasive treatmentdor the vascular

system.
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Figure4-18 Celldiagramof patentdPC codeA61, assigneeaddresss Galway
(SourceAuthor's own work)

4.11. Concernswith a cluster basedon FDI.

Industriaklustersoffersignificantbenefitsdut arenotaguaranteef economicsuccess.
Many researchersuggestDlis nota solution fora nation'scompetitivenessyor canit create
an industrial cluster (De ProprandDiriffield, 2006; Phelps, 2008; Porter, 1990; Sultan et al.,
2021). The Michigan car cluster is situated near woldds universities and yet has been
sliding into decline (Bergman, 2008). Porter argues that Foreign Direct Investment FDI “is
neverasolution toa nation'scompetitiveproblems”. De ProprisandDriffield (2006) statethat
although FDI has benefits, it will not stimulate a clustering effect.
Thereareconcernghatmultinationalscandamagehe communitiesghey investin. For
example,Phelps(2008)warnsmultinationalshavehollowedout manynationstates Sultanet
al. (2021)warn multinationalsto stifle the very innovationthatthey seek through deepoted
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. Stickinessof the medical devicecluster

Thereis aconcernthatmultinationalscanquickly leave,andregionscanfacedifficulty
in anchoring firms and incongenerating activities (Markusen, 199@his has not been the
case with medical device multinationals established in Ireland. Figliéeshows 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
thisgrowthmodel areMedtronic,BostonScientific, Zimmer, Stryker,andAbbott. Asthelrish
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).

Theexportsin themedicaldeviceindustrycontinueto grow reachinguS$15.0Billion
in 2021ashighlightedin Figure4-19 (UnitedNationsStatisticdivision, 2022). Thancreasing

value of exports does not indicate firms leaving the cluster.
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Year
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Figure4-19 Medicaldeviceexportsby yearAuthor’'s own work datdrom UN Comtrade
(Source: United Nations Statistics Divisjd022)
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Enright (2000) suggests policies to embed multinationals should focus on investing in
educationtraining, infrastructuregndinformationandattractingfirms tofill out thesupporting
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 FiMliGand Ryan, 2012). Giblin
and Ryan’s analysis suggests the medical device cluster has becomeinfmifing.
Multinationals through FDI have created a medical device cluster, the medical device cluster
attracts other medical device compang<ritical 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 medicaldevicecluster.

SorensorandAudia (2000)dentifiedthatclusters aresustainableluetotheincreased
numberof startupgn thecluster(notdueto fewercompaniedailing). Innovationis recognised
asbeing criticalto thesucces®f a cluster(Audretschetal., 2020), (Bell,2005). Mason(olin,
andBrown (2014)identifiedentrepreneurialecyclingasacharacteristiof asuccessfutluster.
Markusen (1996identified that clusters can prove to be sticky for FDI. Degpairesport 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 characteristmsgtjest it is

sustainable. Table-28 lists the characteristics associated with the sustainability of a cluster.

Table4-18 Characteristicef successfutlusterand presencén Galwaycluster
(SourceAuthor’s own work)

Characteristic Presenin the Galwaycluster

High level of startups comparedto other | Yes,Galwayhasafactorof 10 moremedical

locations. device stadups compared to the average |n
Ireland.

Entrepreneuriatecycling Yes, entrepreneurshave created multiple
startups.
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Increasingnnovation Yes,asmeasuredy patentsn thecluster.

FDI beingsticky Yes,firms stayed30-plus years,andmatured
to become camptizased enterprises wi
more than manufacturingas part of their
responsibilities.

4.14. Framework for The Galway Medical DeviceCluster

As discussedheRegional Entrepreneurship Acceleratirogram (REAPYeveloped
by MIT isthelenstotheecosystenthatwill beviewedin thisresearctthesisThe REAPmodel
has three key concepts, the ecosystem, the capacities of the ecosystem and its stakeholders
(Budden and Murray, 2019). Figure28-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 broadrangeof stakeholderss considerecand specificallyidentified in themodel.
x Themodel isdesignedo beusedasa regionatool.
X The model hadbeenwidely usedto createstrategiegor regions.
x The model's focus is based on improving the &iem 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 theecosystem (Aulet and Murray, 2013). Medical degizgtups match the
criteria of an IDE.

During interviews with stakeholders in the ecosystem, the difficulty of clinical access
was raised by multiplgparticipants. This was a recurring theme and identified as being
important. Thalifficulty of gettingapprovalfor clinical trials is recognisedIPHA, 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 (GhandI&axenian,

1995). Marshal(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 research@ates a cloud

in the center of the eesystem. The cloud iseegnsing that social networks are bound together
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informally with no one really in chargdhe model of the ecosystem usedhiethesisis in
Figure4-20. Thecomplexity of theecosystenbecome<lear whenindividual companies and
actors are added to the Esgstem (Figure 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
companiesstablishin a clusterbecauseheybelieveit is a cluster.Many clustersactively give
a brand to the cluster. For example, San Diego has called itseliT&8lo Beach” (Cooke,
2005). Aclusterof Irish companieghatprovidesolutionsto aerospacéasbrandedhemselves
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).
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Figure4-20 Key Stakeholders the MedicalDeviceEcosysten{Source: Buddeand Murray,
2022).

Figure 421 captures the interactionsaxdtors that created the medical device cluster.
Multinationalsthrough FDlinitiatedthe medicaldeviceclusterin a locationwith no history of
medical devices. Multinational employees gained expertise and left their employers to create
startupcompaniesThe startupsreatedifferentiatedoroductghatencouragedhultinationals
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 labourmadetheclusteran attractivdocationfor furtherFDI investment.
Entrepreneurs who created the startups identified the potential of copying timnd@iate
program. The Bidanovate program created new stapis (1 in 8 medical device startups in
Ireland)(O’Halloran,2023). Theentrepreneura&rhohavesuccessfullysold startupse-invested
and mentored new startups. The startup's requirement for funding attracted venture capitalists

to the ecosystemimproving 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.

Startups Governmen University

Bio
Innovate

Figure4-21 InteractiorBetweerActorsin the Med TechCluster(SourceAuthor’'s own work).

The virtuouscircles of improving clustercapabilitiesare nonlinearin nature.Oncethe
capabilities of a cluster develop beyond a threshold capability growth and positive outcomes
can increase rapidly. Figure22 shows the inflection point that can occur when a cluster’'s
capabilitiesreachathresholdpoint. Theemploymentgrowth andhegrowthof startupsin the

Galway cluster both display threshold effects. Productivity gains occur due to spatial

concentratiorand supporting capabilitie€Camerorand Hoover, 197Xrugman, 1991).
Figure 423 shows some of the key actors in the cluster.
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Figure4-22 Capabilitiegeachingthresholdpoint (Source Author’'s own work)
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Figure4-23 Key Stakeholdersf the EcosystenVisually Represente@SourceAuthor'sown work).
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4.15. StrategicOptions

The strategicoptionsfor key stakeholders the clusteraresummarisedn this section.
The key stakeholdersonsideredare entrepreneursnultinationalsandthe coordination ofthe
cluster.

Forthemultinational the strategigptions folbusinesses to compete can be simplified
to a single choice cost competitiveness or differentiation (Lafley and Martin, 2019).

The strategyrequireschoicesto be madeby themanufacturing sitdf the siteis togain
a competitiveadvantagehrougha low-coststrategythenit is at risk from lower-costlocations
within a multinational’s list of sitesThe cost reductions must stay ahead of price erosion in
the productcategorytheycompetan. A low-coststrategynecessitatelow overheadsgareful
management of headcount, and minimising spending. Figldeshows the strategic options

for a manufacturing site.

Figure4-24 Focuson lowcostv differentiatedstrategy( Sourcel afley and Martin, 2019)

151



A low-cost strategy effectively prevents the site from moving up the value chain and
attractingadditional responsibilitieso thesite. To increasetheremit of the siteandexpandits
responsibilities it's recommended t@Ver hiré and have capacity available (Walsh, 2021).

In a low-cost strategy, there will always be a lowest region that multinationals can move

to. Costa Rica has successfully attracted many of the same multinational companies to their
shores(Bamberand Gereffi,2013).Porter(1996) argueshat a costred uctionstrategyrarely
provides a competitive advantage. The computer industry is an example of an industry that
failed to stick, it largely left Ireland and movéalAsian 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
enablethecreationof new marketswith little competition(Goodneyetal., 2009)(Saberetal.,

2019). Thedifferentiationneedgo alsobe alignedwith the local clusterandnationalpolicies.

A region can differentiate itself with, for example, tax policies, management of intellectual
property,andeducation strategies. It is the combination of the firm's straiedylocal and
national environmentthat can create a differentiated competitive positidigherorder
advanced factors that enable differentiated strategy useailyrea sustained investment over

time (Porter, 1990). The worst strategic error is to be stuck in the middle (Porter, 1990 )

Multinational sitesin high laboufcostregionsfacea dilemma.They mustreducecosts
to ensuretheirsite remainscompetitiveasthesalesprice of today’sproductsnevitablyred uces.

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
manufacturingcommodityproductsn which the selling price continually declinesthis results
in aslow longtermdeclineasshownin Figure4-25. InFigure4-11 weshowa progressiorfor
sitesmoving up thezaluechangeandcompeting inareasvherelabourcosts ardessimportant.

At the start of the maturity model when a site is an implementor and strategic direction is set
externally the site focus will be ordding things right The site needs to develop and
demonstratis capabilitiesbeforeit canprogressupthematuritymodel.Oneintervieweewhen
discussingarecentlyestablishedrish sitestated: Theykeepcomingup withideas, theydonot

realise they cannot keep trying to change the larger organisatipi6]. As the site’s
capabilities grow it progresses up the maturity modak site becomes a safe location with

low risk anda reputationfor delivering within its remit (Walsh, 2022) seeFigure 4-11. For

manufacturingsites, the sitesarelesslikely to havea productrecall or manufacturingssue.
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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 knowledgeddiyethe direct
observation of competitors and peers (Bottazzi et al., 200&). moves the site to the top right
squaren Figure4-25wheretheyareeffectiveandefficient.lt is difficult for sitesthatare notin
aclustertoreplicatetheprogressmadeby a locationin amaturecluster.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 eh@tinational site strategy should be assesgihgre

they arein the maturity model,and what capabilitiesare requiredto progress. Based on the

required capabilities thiecal clustershould baused to network and develop the capabilities.

Figure4-25 Efficiency / Effectivenessnatrix (Source Adaptedfrom Hineset al., 2008)

A need large multinational medical device companies have is disruptive innovation
(Chatteriji, 2009). In effect, multinationals have outsourced much of their R&ateups
(Lynn et al., 2019). Small and medium firms are twice as likely to launch a disruptive
innovationin themarket(BamberandGereffi, 2013). A key valueaddedstrategyfor sitesin
the Galway cluster is to collaborate with staps that havethe potential to develop
differentiatedproducts.Beingin a clusteralso improvescollaborationwith universities.
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Clusterbased discoveries in academia are of higher quality and are more applied than in
academic settings that are mairt of a cluster (BikardndMarx, 2020). Multinationals in the
Galway clusterhavethe opportunityto developfasterand gain accessto marketdisruptive
products and academic research that is not available to firms outside the cluster.

4.16. Costreduction strategies.

Medicaldevicemanufactureré Irelandattemptto maintaincosteffectivenesshrough
enterprise excellence programs. The useLeén tools in the Irish MedTech cluster is
widespreadand improves competitiveness(Trubetskayaet al., 2022). All 19 Med-tech
companies in the Trubetskaya etstldy were actively using lean tools and systems.

Thewidespreadiseandeffectivenesef Leantoolscanbedemonstratethroughglobal
recognitionof operationakxcellenceln theyears2011 to2021, medicatievicecompaniesn
Ireland won more Shingo prizes per head of population than any other country in the world
(Shingo Institute, 2022) (Table1®).

Table4-19 Shingo prizesawardedto MedicalDevicecompaniepercountry 2011 — 2021.
(Source:Author's own work basedn datafrom Shingo Institute, 2022).

Shingo Population Prizesper

prize won M million

(Medical population

companies)

Ireland 6 5 1.20
CostaRica 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) Therapid diffusion of bestpracticesCompetitors caquickly 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 #dstMocations.
Medtronic,BostonScientific, Baxter, AbbottandZimmer all havemanufacturing siteis Costa

Rica (Lo, 2018).Ireland’slabour costs are average for the euro area but are almost 5 times
thoseof alow-costlocation,for example,Bulgaria (Eurostat2021). Operationakxcellences

critical for a site to establish its basic capabilities.thrive and offer competitive advantages
that are difficult to replicate, the site should expand its network and connectedness in the
cluster.Whensite maturityis low, enterpriseexcellenceis a“greatway for the site to improve

its systems and capabilitie$P 16].

4.17. Entrepreneur/startup innovation and product strategy.

Startupsareforcedto seeknew marketdisruptingmedicaldevices.Innovationcanbe
divided into three types (Christensen and Raynor, 2003; Cote, 2022):

1) Sustainingnnovation whereghe currentmultinationalscreatebettemproductgypically
targetinghigherpricesandits currentkey customersThis strategywill fail for startups,
there is no evidence of incumbent medical device manufacturers being displaced by
startups with incremental improvements. One interviewee stafdrtups must
addressan unmetlinical need.Therecannotbe a competitorestablishedn thetarget
market. You cannot beat MedtronifP8].

2) Low-enddisruption:A low-costmedicaldevice isintroducedto win market shareThe
incumbent firms exit the market to focus on hegid products with better margins.
Undifferentiated productsvhere customers cannot identify features between devices
that are of value to themesult in a commodity market in which the lowest cost wins.

3) Newmarketdisruptionthecompany createsnewsegmentvhich did notexist before.

In this scenario, the startup provides a new therapeutic treatment for patients who do
not have an alternativén example of a device targeted atuarserved market is the
TranscatheteAortic 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 marketsegment. Initially, the overallmarketgrowsand currentdevicesare not
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affected by the new entrant.It is much later that incumbentfirms are affected by

declining sales.

Schumpeter’s “creative destruction” is very different from the innovation present in new
market disruption (Schumpeter, 19420 H G PON3). New market disruption creates new
markets without destroying the currently existing markets. This makes theistadn-
threatening to incumbent firms, enabling them to establish sales without incumbent firms

responding (Christenseand Raynor, 2003).

Incumbent firms in the Galway medical device cluster established with market
disrupting productsviedtronicproducedheworld’sfirst pacemakertreatingpatientsvith no
alternative. Boston Scientific established minimally invasive dewoebling Percutaneous
Coronary Intervention (PCl) as an alternative to Coronary Artery Bypass Graft (CABG). Figure
4-26 showghetrendsn CABG andPClproceduresn the UnitedKingdom(Bhatnagar et al.,

2016). For the first decade after PCl was introduced CABG procedures continued to increase,
it was only after a significant surge in PCl use in 2004 that CABG declined. Duripgtiod
deathgrom cardiovasculadiseaseeducedy68%. Thepatternistypical of market disruption,
thenewdevicecreateganewmarket targetingwhatChristenseif1997)callsnon-consumption.

New entrants typically grow the overall market, it is much later that incumbent firms identify

the threat from the new market entrant.

Figure4-26 CABG andPCl procedurei the United Kingdomnew marketdisruption inaction:
(Source Bhatnagaetal., 2016)
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4.18. Measuresof Innovation

Innovation is defined by the World Intellectual Property Organisation (WIPQOg as “
new or improved product or process (oc@mbination thereof) that differsgnificantly 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 (procégtanvin 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 wicked problenis(Kao, 2007). Schumpeter
(1942)argued,carrying out innovationis the only function whichis fundamentalin history’.
It has been calculated that 85% of growth is attributed to innovation (Rosenberg, 2004).
Krugman (1994 argueshata country'sstandardf living depend®nproductivity,i.e.
raising the output per worker. He stated,nation’s productivity is not everything, but in the
long run, it is everything that mattérsit 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)@8%.

Is it suitable for industrial clusters to use standard international measucésster
activity? For example, the Global Innovation Index (GIl) measures innovation at a national
level rathe than in detal.

The Global Innovation Index (Gll) tracks and ranks innovation in 132 economies,
highlighting itsstrengths and weaknesses at a national level. The Gl tries to ideendign’s
innovation strengthsaand weaknessefuttaet al., 2022b).Measuringinnovation is difficulf
with claims that innovation measurement is in its infancy (Schramm et al., 2008). Edquist and
Zabalalturriagagoitia(2015) argue that EU measures of innovation are flawed, resulting in
incorrect rankings.

The Gl score is calculated from the average of theirsidax innovation inputs and
innovation outputs. There are 5 input (enabler) pillarstitutions, Human and Capital
research, Infrastructure, Market sophistication, and Business sophistiGégooutput index
has 2 sub pillars: Creative outputs, Knowledge and Technology. Each pillar has 3 sub pillars
see Figure €7.
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Figure4-27 Structureof Gll Pillarsandsubpillars (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 an€loodt,2003), andneasuregendto ignoresmallfirms (de Jong andMarsili,

2006). It has been argued that the measures that matter are outcomes and the efficiency that

inputs are turned into those outcomes (Edquist and Z#bategagoitia, 2015).

4.19. The Global Innovation Index Trend

Althoughlreland’sGlI rankingfell from 7" globally in 2016 t239in 2022 themethod
inaccurately measures several key statistics for Ireland. Ireland's Gross Domestic Product
(GDP)is disconnectedrom economicactivity carriedoutin Ireland(United NationsStatistics
Division, 2022). GDP adds the total value of goods semtices produced in the domestic
economy and does not differentiate if a domestic or foreign firm produced the goods. Itis a
standardneasureof economicactivity. Transaction®f afewfirms distortthe GDPandmake
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 fadatr 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,GNPandGNI aresimilar. Inlreland thereis asignificantdifferenceforexamplejn 2021,

GDPwas1.95 timedargerthanGNI (ParliamentanBudgetOffice, 2023). Figure4-28 shows
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the relative differences between GDP, GNP and GNI.

Figure4-28 Differencesn measure®f Ireland'seconomicactivity (Source Authors own

work basedon data fronParliamentary Budget Office, 2023

GDP(or aproxymeasure)s usedn 350f the80indicatorgo calculatetheGIl measure.
In 32 of the 35measures, the innovation score is negatively impacted by using GDP as the
indicator. For example, general infrastructure is partially measured by "Gross -capital
formation"asa % GDP.IrelandscoresbehindlsraelandSwederby thismeasureWhenGNP
was used, Ireland'’s score increased from 20.8 to 29.7, and it is altbadtifelcountries on
that measure (Calculated by the author based on data from Dutta et al. (202h&) @inited
Nations Statistics Division(2022).

As Ireland’s GDPhasincreased, its Gll score has decreased. If improving innovation
as measured by the GlI score benefited productivity and GDP, we would expect to see the
oppositetrend Figure4-29 showghetrendof GIl andGDPfortheyears2015 ta2022. Figure
4-30 show GDP and Gll as a scatter plot. The trend is clear as GDP increases, the Gl score

decreases.
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4.20. GIlI 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 s in the European
Union(EU), andlsraelis outsideheEU. CostaRicais alsooutsidetheEU andtheonly country

not classified as higincome by GlI.
Sweden is ranked third in the world for innovation in 2022 and consistently performs

well on the innovation index. Table 28 summarises the innovation scores and economic
statistics. Note Purchasing Power Parities (PPP$) is used to equalise measuresn based
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%.

Table4-20 Comparisorof countries, Innovation, ankky statistic§SourceAuthor’'s own

work)
Innovation Population GDP,PPP$ GNP,PPP$ GDPper
rank (mn) (bn)(Trading (bny capita,
2022(Dutta Economics, (Trading PPP$
etal., 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
CostaRica 68 5.1 64 112 21,592

In contrasto Swedenlreland’sinnovation rankinghassteadilydeclinedfrom seventh
placed globally in 2015 to Z8n 2022. Ireland scored highly in institutional measures but is
behind the Swedish ranking in all other categories based on the GIl measures 2022. Ireland
scored particularly poorly in market sophistication. Figu&l4slots the Gll 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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Scoring from Global innovation index 2022
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Figure 431 GlI relative scoring of Sweden, Israel, Ireland and Costa(B@marce:Author's
own work)

Table 421 lists the sulpillars used in the GlI. The institutions' spitlar is the only
pillar thatdoesnot useGDPasameasurementput. Thisis theonly measurevherelrelandis
rankedahead of Sweden and Israel. The box plot in Figud2 dummarises the ranking of data
indicators that use GDP and those that do not.

Table4-21 Gll indicatorsandwhat measuresiseGDPasaninput (SourceAuthor's own work)

Gll SubPillars Number Numberof
of indicators
indicators GDP used

Institutions 7 0
Humancapitalandresearch 12 3
Infrastructure 10 3
Market sophistication 9 5
Businesssophistication 15 9
Knowledgeandtechnology 14 9
Creativeoutputs 13 6
Total 80 35
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Figure4-32 Box plotGlI ranking Ireland2022 indicatorshatuseGDPV Indicatorsthatdo

not. A lower ranking is bettgiSource:Author's own work)

The meanrankingfor anindicatorthatusesGDPis 41.45, andherankingsthatdonot
use GDP are less at 26.59 (Note that no weighting of indicators is used). The World
Competitivenes€enteranksthelrish economy ashesecondnostcompetitiveglobally (Bris
etal., 2023). FothecompetitivenesseasuresisDPhasapositive correlationto themeasure.

Ireland’s Innovation score is negatively impacted due to GDP distorting the measure.

4.21. Measuresfor aCluster Conclusion

The GII is not suitablefor measuringthe innovationof a cluster. For the Galway
medical device cluster, there are three significant reasons why the measure is unsuitable:
1) Forlreland theGll isparticularlymisleadingastheGDPfiguresdistortanyinsights
the GIl measure provides.
2) Mostof theGIll measurebavepooralignmentwith factorsthatareimportantto the

cluster’'s success. Some measures in the Gll 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) Measuref anationalscaledonotgive insightinto a sectorspecificclusterthatis

tightly geographically contained.

Table4-22 lists factorsfrom Gl andassesses thesuitability to measurennovation in
a cluster.The final column assesses the alignment of the measure for a clstexxample,
if the author judges the alignment to be poor, the Gll is not a useful measure of the cluster. It
is only on one othe 8 factorconsideredhatthe Gllis assessed @wod. 7 ofthe 8measures
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 (Caseyand Hardy, 2023).

Patents filed are a good proxy for research and innovation (Hagedoorn and Cloodt,
2003), butthemeasuras lagging. As measuredy thenumberof meetupsandcollaborations,
thecurrentcultureis a usefulforward-looking measuréFeld,2020). Having &lusterstrategy
and plan is another useful forwaabking measureThe 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 proveessifial, and there should be an
active attempt to create a clusspecific strategy that entrepreneurs lead. A Scandinavian
clusterMediconValley hasusedmeasureshatarefocusednthecluster.The measureinclude
thenumberof companiespnumberof beaconcompanieggreaterthan250 employeesyumber

of jobs, publications, and patents (Steenberg, 2022).

Table4-22 Assessinghe suitability of GII measures$or innovation ina clustersource.
(Source: Author's own work)

Factors Globalinnovationindex Cluster Alignment
HumanCapital General Staffavailability. Specific ~ Fair
education/Researchers/ industry knowledge.
Graduates science/ Courses supporting
engineering industry,e.g.Bio-medical.
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Funding VC investmentfinancefor Availability of funding. Good
startups/ dealsompleted
Factors Globalinnovationindex Cluster Alignment
Infrastructure ICT/ Electricity/ logistics Specificrequirements, Poor
clinical accessanimal
laboratories
Demand/Market Home/ Local Global Poor
Scale/ Location National Local5 kmsquare Poor
Industry All, with afocuson Hitech  Specificnicheindustry Poor
Cultureand Creativearts, Mutual Support/mentors  Poor
Incentives
Knowledge Numberof patentstechnical Industrialspecific.Howto  Fair

articles,export complexity

knowledge, business,

contacts, Ability to create

patents. Knowhow and
know-who.

In chaptettwo, thetypical characteristicef a clusterare listed.The characteristicef a

cluster provide an opportunity to measure the cluster’'s health and progress.-Zabists}

typical characteristics of a cluster and suggests measures of the characteristic

Table4-23 Characteristiof a clusterand proposedmeasuregSource Author’'s own work)

Characteristic

Suggestedaneasure

1 The availablepool of skilled labour.

Numberof full-time employees

2 Good job matching between employees
andemployers. IEheemployeéhasajob
they like and are productive at.

N/A

3 Collaborativeculture/sharingof ideas.

Thenumberof events/traininghat

enable idea sharing.

cluster.

4 Third-level institutionsproducehighly
cited papers on the same topic as the

Thenumberof life science
publications.

5 Proximity: Clustermembersarespatially
close to each other.

Maintaina mapof companieso
physically identify clustering.

them.

6 Cluster identify: Clusters often have a
strongbrandor identityassociateavith

Isthereaformal brandfor the

cluster? Yes/No
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7 Significantincumbentfirms or FDI to Numberof firms.
sustain the cluster.
8 Highlevel of entrepreneurshistartups, | The numberof startups.
and high quality of startups.
9 Highinnovationis demonstratethrough | Numberof patents
high rates of patenting.
10 | Availability of fundingandventurecapital.| Valueof life scienceinvestments.
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4.22. Contrasting the Galway clusterwith existingclusters

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 Massachusett®espitestartingfrom verydifferentorigins theGalwaymedicaldevice
clusterhasevolvedto havemanysimilar characteristicsTable 4-24 liststhecharacteristicef

the Galway cluster based on a summary of chapter 4.

Table4-24 Characteristicef the GalwayMedicaldevicecluster(Source Author’'s own work)

Characteristic | GalwayMedicaldevicecluster

1 Products Initial focuson minimally invasivecardiovasculadevices.
Startups expanding treatments offered.

New multinationalshavealsoexpandedreatmentsExamples
includeZimmermanufacturing orthopalicsandDexcom

building diabetic diagnostics.

2 Scale The majority of companiegit within a5km squarebasedaround
Galway city.

New multinationals to the cluster have expanded further out. For
exampleDexcomis basedn Athenry, approximately 24krirom

the coreof thecluster.

3 R&D spend Measuresavailablenationally2.8%of revenuespenton R&D.
Established multinationals in Galway cluster have extensive
R&D. Both Medtronic and Boston Scientific have significant

R&D teamsof approximately 500 people.

4 Innovation As measuredy patentggrantedGalwayclusterhasa significant

increasdan innovation.

5 Type of Startupsfocuson marketdisruptinginnovationthat growsthe
innovation total market and improves outcomes for patients.
present. FDI mostlybuildson incrementahnovation,notethe

incrementainnovationcanberadicalin nature.

6 Stickinessof Locationprovingsticky with key multinationalshavelocations

cluster for 30 plus years.
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7 Capabilities Investmentasreacheda thresholdooint whereclusteris now
generatinghewstartupscontinually. FDIsitesin clusterare
maturing and reaching critical mass

8 Culture Highly collaborative

9 Demand Globalmarkets.

Growing 5%peryear.

10 Humancapital | Multinationalsprovidedspecialisttraining.
Academicinstitutionsintroducenew coursego provide
employees for the industry.

Apprenticeshipschemeat early stages.
11 Academic Adaptedandintroducedcourseso meetheadcount
institutions requirements
Providedincubatordor new startups.
Providedspecialistassistancdpr exampleassistanceavith laser
cutting.
Bio-innovateaccelerated staup culturefor medicaldevices.

12 Infrastructure | Missingimportantinfrastructureor clinical work, animallabs.
Traffic andlocalinfrastructureareanincreasingissue.

13 Risk capital Grants and incentives are excellent by international standar
VC funding hassignificantlyimproved, bunationallylessthan
20% of USA rates.

Medicaldevicesequire €30nplus over5 to9 years.

14 Reputation Positivereputatiorinternationally.No effort to brandor promote
based on reputation.

No clusterspecificlogo, advertising obrand.

15 History FDI initiated cluster
Commonlinageof companies
Recentclusterin comparisorto indigenously grown clustefsr
exampleTuttlingen inGermany.

16 Time for Typically, 5 to 9 yearsdueto regulatoryenvironment.

companiego Low risk products can be launched faster. If there is a predi
launch deviceaspecialb10k processanenablea deviceto bereleased

cate
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commercial in the USA with FDA agreeingo approvewithin 180daysand

products. will not require clinical studies.

Although established clusters can start in different ways, theyehaheed to include
manysimilar stakeholderdn thecaseof MedicalAlley, thepresencef risk capitalandaccess
to clinical settingsenabledMedtronicto seeda clusterthatrapidly expandedEmeritus,2024;
Rhees2009). ZimmerBiomet was establisheth Warsaw,Indianaand did not havethe easy
access to risk capital and clinicg@immer Biomet, 2023). A medical device clustavasnot
establisked around Zimmer to the scale of the Medical Alley cluster with 200,000 engdoye
(Emeritus, 2024). Table 25 compares the Galway medical device cluster to other clusters

globally.
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Table4-25 Comparisorof Galwayclusterwith otherclustergSource Author’'s own work)

Galway Tuttlingen Mauritius MedicalAlley Silicon Valley
(McKernanand (Beck, 2021; Halder,| (Auty, 2017;| Minnesota (Eser, 2024)
McDermott, 2024b) | 2002; Kelly, 2017;| LEFEVRE, 2023;| (Emeritus, 2024;
Konig, 2023) Mauritius, 2023) Rhees2009)
Established ~ 2000 170 Century 2015 1984 1956
Specialism Medical Devices,| Surgicalinstruments | Catheters surgical High Technology
minimally  invasive masksand protective
medicaldevices. equipment.
Physical scale of | 10km 5km 10km 20km
cluster
NumberEmployed 8000 1600 200,000 330,000
Numberof 400 25 600 2000
Companies
Organisation Med Techlreland MedicalMountain Government MedicalAlley No single

representingluster

organisation

represents.

169




4.23. Determinantsof Competitive Advantageand 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 stimulatetitomaenong
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 Israglothid therefore has a
very weakrelatedandsupporting industry fathemanufactureof medicaldevicesut 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 aged42s-Ireland had ahird-
level qualificationin 2018, well aboveheEU averagenf 38.5%. Firmsn the clustercompete
in global marketsLocal rivalry in the cluster is mostly a competitive race to hire staff [P11].
Multinationalsin thecluster'sbiggestrival arelower-costsiteswithin theirnetwork[P3]. Porter
argues it's important to have strong competition and rivalry among firms to encourage
innovation andmprovethecompetitivenessf thecluster.Startupsrea 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
onspecialistmaterialshasdelayedorojectsby upto 14 monthsFluoropolymersareanexample
of a material shortage that has delayed new product development. Capacity for sterilization was
also raised by participants asa@ncern 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 indistry has been a significant help in the growth of the cluster. For example, a
major medical device multinational was selecting the location for -coatged stent
manufacturing. Galway won theelection process based on goed availability oftaff with
pharmaceuticakxperience.This is directly theresult of a significant local pharmaceutical

industry. Table 26 summarises findings using the theoretical framework.
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Table4-26 TheoreticaFrameworkPopulatedvith Summaryof Findings
(SourceAuthor’'s own work)

Themes

Actors Human Funding Infrastructure| Demand | Cultureand
Capital incentives

Entrepreneul Mostly comes | Requires Access to Unmet Highly
from significant clinical trials | clinical collaborative.
multinationals| capital,inthe | is a major needsre | Strong
or other range of missing part | the key relationships
startups. €30m to of the demand | inthe

€90m. infrastructure.| startups | industry.
try to
meet.

Risk capital El Largest Improved Responds

VC in the access to to

EU. funds. demand

Improving for

availability. funding
from
startups.

Industry Multinationals| Introduces Constraintsn | Global Collaborative
provide funds by supporting markets, | in thecluster
specialist buyingstart | infrastructure,| demand
skills, know- | ups. specialist fromUSA
how and materials and| and EU.
know-who. sterilisation.

Government| Provides El Largest Funds Policies
funding. VC in the specialists establish
Creates EU. infrastructure incentives
policy. Tax policy- (Bio andculture.

hinders Innovate, |
recycling of Hubs).
entrepreneurs

Academic | Generates Seekdunding| Provides Measuredbon

Institutions | Human specialist publications/
Capital. infrastructure. patents.
Responds .Res.’earCh
with specialist gﬂgﬁﬁnse'g
courses. ’
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4.24. Government policy

Government agencies hasepported clustering policies sinBerter's publications in
the 1990s (Thornton, 2023). The white paper on enterprise ZDA2states the policy is to
usethe*cluster landscapéeo sustainand develogcompetitiveadvantagé After 30yearsof a
clustering policy, we could expect a mature policy that has delivered measurable results.
Governmenpolicy documentsighlight thereis noworking definitionof aclusteror if clusters
shouldbeindustryspecific(Hobbset al., 2022). Thelack of definitionor specificgoalfor the
clusterpolicy makes progress difficult to measuereport by the Cluster Research Network
(CRN) describeghelack of definitionandcriteriaasa stateof confusion (Hobbgt al., 2022).
Ireland has been slow to create practical policy tools to leverage clusters.-idi®sfiying
cluster organisations have received government funding. These organisations are typically
small, with low membership, a large geographic remit, andaf st 1 (Thornton, 2023).
Successful clusters typically have hundreds of mesnbdrile some selidentified clusters
have less than 10 members (Hobbs et al., 2022). Tablesimmarises the characteristics of

cluster organisations established to implement policy.

Table4-27 Clusteorganisations and thaiharacterizationSource Author’'s own work adapted
from Thornton, 2023)

Percentage Characteristic

89% Establishedessthan5 years
47% Nationalor all Islandremit
52% Membershiplessthan25 firms
63% Staffedby 1 person.

The clusteringpolicy documentor Northernlrelandidentifies5 sectorgo focuson.A
factor of 10 increase in economic performance is the polibiels! objective (Dodds, 2021).
The policy documents do not have a stratiEgypuilding 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 ddhegastering effect by
attemptingto spreachew industiesto disadvantage@reas.The Welsh Assembly report (LE
Wales, 2007) actively encourages spreading investment to regions despite knowing the need to
have a critical mass of industry @oseproximity. 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, 20ZB)ereportconsideredclusterashaving aminimumof 15 firms
subjectto amaximum distancéhresholdof 250 metersThe definition providesspecificity to
clustering.The standard definitiorof a cluster“geographicconcentration®f interconnected
companiesandinstitutions ina particularfield” by Porter(1990)is broad Jacking specificrules

of whatis countedaspartof the cluster.

Strategy andpolicy can make a difference. Purposeful government action helped
Mauritius gain a foothold in the garment industry and then create a medical device industry
(Cassidyetal., 2009). A spiral of growthis createdvhencapableknowledgeactorscongregate
(Cooke2005)howevercurrentpolicy is dilutingthepotentiabenefitof clustering. Thé&alway
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 preséetcharacteristics of the Galway medical
device clusterand contrast it with other clusters. It has been fabatthe cluster has started
through FDlinvestment, which is very different thereclustersthatPorter(1998)identified.

The Galway cluster has evolved to have many similar characteristics to successful clusters
studied intheliterature. Innovation in the medical device industry has not prodhesdhves

of ‘creative destructionhat Schumpete(1942) predicts. This has resulted in large established
firms being significantly more stable than sim#aed firms in other industries. Government
policies are important in the establishment of clust&rstitical mass of firmss required to

reach a threshold level that enables the improved performance associated with clusters.

Chapters will presenttherecommendation®r thecluster.
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5. Discussionand Conclusion

SinceMarshall (1890)stated 130 years agdhatknowledgan a clusterspreadsas 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 competitiveproblems(Brosnanet al., 2016; Delgado,Porter, Stern, et al., 2014;
Harfield, 1998; Porter,1990) despitethe desireto createsuccessfuklustersof government
policiesandstructures are often counterproductive (Thornton, 2023).

This chapter makes specific recommendationdor the Galway cluster which is
structuredon the key capabilities of human capital, funding, infrastructure, denaridire
and incentives. Thehapterthen highlights how the Galway cluster contradictssignificant
bodiesof academic literatureand explains why humpetéis (1942) longestablished 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
establishedh Irelandin the1990s andarestill dominatedythemtoday(deFreineetal., 2023,
Brazys andRegan, 2021)The industnhas 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 sitesdeanded into multisite
campuses and have global responsibilitilawever, the Irish Medtech industryfiscused on
a narrow baser5% of exports come from cardiovascular and ortedps product categories
and medical devices face a continual decline in global selling prices. More stringeatarggul
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 adopéemeh’in the
USA first’ policy. The Irish MedTech multinationals need a ldegn strategy to survive
collapsing prices. A potential strategy could be to ensure more innovation by launching
differentiated products which could provide a ldegn strategy. Although multinationals
spend significantly on R&Dthey struggle to implement differentiated innovation. R&D
spendingasaproportion ofexportds consideraly lessthantheaveragdorthemedicaldevices
sector.Medicaldevicecompaniegenerallyfocusontheiroriginal therapeuti@areaanddespite
spending significant funds on research, in the majority of cHsmgfail to enter new

therapeutic sectors.
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Thelongterm health of @lusteris dependent onligh rateof startups. Galway has a
medical device stauip 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 walkingdistancerom each otheiThe clusteringeffecttakegplacein asmall geographic
area, for example, most startups fit within a 5km squa@aiway city centre.

A series of virtuous cycles has sustained the cluster. For example, multinationals have
improvedtheskills of staff, staffwereableto createtheir own startupsand ndigenousstartups
haveattractednultinationalsto buythem.This furtherembeddedhemultinationalsin Ireland.

The funds enabled the founders of the startups to createstaetups and repeat the cycle.
Government policies have encouraged virtuous cye¢tes For example, due to a lack of
venture capital (VC), El started to provide funding and is now the largest VC in the EU
(Enterprise Ireland, 2022).

Startups in medical devices have long development ¢yglpgally 9 yearsand need
fundingof €30 to€90m. Nationameasuresf innovation area poorindicatorof innovation in
a cluster and should not be used to determine strategy. The cluster is #reongdjing tonany
indicators for example,anincreasingrateof patentsndicatesthe clusteris highly innovative.

The cluster is incompletevhen applyinghe criteria ofPorter's model of a clustedue to for
example lacking a home market, and having a lower level of R&D spend than the average for
the industry.

This researchaimedtoidentifyaneffectivestrategyforthelrish medicaldevicecluster.

Based on the quantitative and qualitative analysis of the industry it conthatésns must
compete using innovation to implement a differentiated site and product strategy. Due to the
innovatots dilemma multinationalsgn themedicald eviceindustryfind adifferentiatedstrategy
difficult toimplement.Beingbasedn a dynamicclusterwith medicaldevicestartupscanhelp
solve the dilemma. In effectdifferentiated innovation isreali’ed by startups with

multinationals provithg incremental improvements.

5.2. Recommendations for the Galway Medtech cluster by thematic area

Theresearchehasgroupedspecificrecommendationior theGalwayclusterbytheme.
These recommendations are based onsdmaistructured interviews, literature revieand

Delphi technique. The recommendations are summarized in the tables below.
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5.3. Human Capital

Table5-1 RecommendationsjumanCapital(Source:Author's own work)

Issue Recommendation

Demandfor labouris greatetthansupply. Continuereviewingeducatiorcoursesand
add specialist courses as required.
Supportspecificupskilling of theindustry to
reduce skills gaps.

It is expensivedo getadvicefrom experts  Haveafixed panelof expertswho will

in legal, intellectual property, clinical and advise starups in the cluster.

regulatory.

Equity stakesbeing soughtrom universities Irelandis competitiveinternationallyon the

can be a significant barrier to firms. returnsuniversitiesseekfor IP. The charges
should be transparent to companies.
Universities should not seek to maximize
revenugrom IP; their goal should be to
ensure thathe IP is used commercially.

5.4. Funding

Table5-2 Recommendatiorsunding (SourceAuthorsown)

Issue Recommendation
Initial valuations by El overvalue El hasnow changed
companiesandmakelaterroundsof funding
difficult.
El demandpreferenceshareghatattracta El has nowchanged the policy and no
coupon of 6%. longerrequests @oupon on thehares.

Shortage of seed funding. For example, Create a national fund. Encourage tax
Israel has much higher VC rates. Ireland's incentivesfor peopletoinvesttheirmoney.
VC investmentateis 20%thatof theUSA The money would be focused on seed

and 25% of Estonia’s. funding.

Taxtreatmenbf shareandESOPsarea Change tax rules on shares so tax is due
significantly negative incentive for only whensharesare sold,and fundsare
entrepreneurial activity. received. This will encourage

entrepreneuriatecycling.
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5.5. Demand

Table5-3 Recommendatiori3emand(Source: AuthorsOwn)

Issue

Recommendation

Smallhomemarket.

Long leadtime from conceptto approvalof
new products.

Therearecapacityconstraintsn providing
materials and services for the industry.
Examples of constraints shared by
interviewees are sterilisation services and
specialists’ materials, for example, high
performancepolymers(Polyimide)causing
constraints in subcontract manufacturing.

Difficult to bring new products to market
duetoregulatory requirement&esultsn
unmet clinical needs, late bedside patient
access, and a less competitive market.

Althoughthemedicaldevicemarketis
growing the average selling price for
devices reduces annually.

Incumbent firms will retreat from truly
disruptivemedicaldevicesenabling startups
to gain a foothold.

Continueborn global strategy for startups.
The priority market will normally be the
USA due to itssizeandrelativeeaseof
access.

Classl productshaveashortemregulatory
pathway and can provide faster market
access.

Disruptiveinnovation ocurs beyond the
regulatory reaclof theregulator. Startups
should consider products or services that
are not classified as medical devices.
Identify strategicsuppliersnot in theregion.
These suppliers can be targeted to move to
the region.

Lobby to change regulations to mimic the
approach used in the USA. The FDA
accelerates approval for innovative De
NovoproductsEstablishaformal alliance
to lobby that includes local regulatory
bodies.

Firms in the cluster need to constantly
renew their portfolio with differentiated
productghatattractapremium.(Vibrant

startup ecosystemequiredfor success).

Startups should assess unmet clinical needs
to position the product combined with
service in a manner that is disruptive to
incumbents. Itheproductdirectlycompetes
with the incumbent, then the startup should
position the business to be sold to an
incumbent.
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5.6. Infrastructure

Table5-4 RecommendationsfrastructurgSource:Author’'s own work)

Issue

Recommendation

Pooraccess$o completeclinical trials
locally.

No facility to conductlargeanimal trials.

The cluster is missing accelerafmograms
thatarecommonin the USA
andlsrael.

Capacityis restricted There is ot enough
physical space to facilitate stanps.

Ireland'sR&D is underdevelopedhe
potential for an extra €750m spent

Universityfundingwasreducedy 35%
from 2008 to 2018.

Establishclinical infrastructureandpolicies

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.
Recommendhat the hstitutehasa

facilitator role tomap the process from the
perspective of startups, multinationals, and
patients.

Establish a lab capable of animal studies.
Combinedwith a veterinarycollege it

would be ideal.

Copy working methods uccessful

acceleratorin theUSA, for example Jlabs
or Northwell.

Increase investment in facilities that are
shown to work, e.g. | hubs Galway, Bio
Innovate andsimilar facilities in Ireland.
These can evolve to be full accelerators.

The actions above on clinical trials would
help attract more R&D capacity to the
region. Acceleratorg/ould alsohelpstart
ups develop

Universities are traditionally central to a
Westernnnovation ecosystertlniversities

need to be funded well to get wouthss
results.

Currentweaknessem themedicaldeviceclustercan also be viewed apportunitiegor

growth.Thelack ofclinical acces®r animaltrials in theclustermakeit possiblefor thecluster

to becomeworld classin alternativesfor exampleln Vitro techniquesThereis evidenceof

expertiseof in vitro techniques beginnindgpr example with Duffy et al., (2017)who have

develoged a blood clot analoguinat can be uskfor In Vitro testing of medical devices.
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5.7. Culture and Incentives

Table5-5 RecommendationSultureandIncentivegSource Author's own
work).

Issue

Recommendation

Underdevelopedientity of GalwayHub.
Needto build areputation forexcellence.

Significantfundsarespenton researcin
universities. Seek to have translational
research to turn it into commercial
opportunities.

It's been shown that there is more
commercial success and a doubling of
spinoutsif theinventorcanaccessP for
free (Hvide et al., 2016).

NDAs (Non-DisclosureAgreementsjestrict
the permeability of the university.

No alignedstrategyfor thefuturedirection
of the cluster.

5.8. Implications for theory

Brand and establish identit€hoo® a name
for theregion thatcapturegheclustels
vision. Egablishthe expected behavioof
collaboration and cooperation.
Thebranding shouldncludeaphysicalicon
that can be pictured and shared on

Use programs like SPARK, as used at
Stanford, fortranslationailvork. This guides
researctto be moreapplicableandresultsin
better research.

Offer freelicensego theinventorof IPin
Universities if used within 2 years.

Reduce restrictions on NDAs and have no
limitation on contactingr hiring stafffrom
the university in NDA.

Develop an aligned vision for the future
state of the cluster. For example, it is the
best location in Europe to develop and
manufacturenedicaldevicesThe aligned
vision will enable coordinated actions to
deliverastrateqy.

The findings of the thesis disagree with a substantial body of current academic work.

Portets (1990) book, The Competitive Advantage ofNations is seen as aeminal work

(Rosenfeld, 2001siven thathe Galway medical device cluster is highly succestfislvalid

to useit as a comparisoto Porterstyle clusters. Porter(1990) andPhelps(2008)both state

that FDI will not generatea sustainableluster.De Propris andDriffield (2006)state inward

investmentwill 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 classicWestern model of cluster development proposedttzkowitz andZhou
(2018) and Miller andAcs (2017) claiming ecosystemare typically createdby world-class
research institutess 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 thé&riple Helix model. The TuttlingenandMauritius clustersare otherexamples
thatshowtheTriple Helix proposed by Etzkowitand Zhou (2018js notwidely applicableto
all clusters.The Carayannisand Campbel(2009) QuadrupleHelix andthe Carayannist al.,
(2012)QuintupleHelix aremodelsbuilt uponthe same sofsandof the Triple Helix and are
thereforenot applicableto many clusters.The declineof the Michigan automobile cluster
despiteits proximity tothe best publicly funded US research institutj@mows thanhearby

world-class research institutiod® not explaintheclustering effect (Bergman, 2008).

Porter's diamond model provides a framework represented with four points of
diamond that determine competitive advantage: factor conditions, related supporting industries,
demand conditions, and firm strategy, structared rivalry. These combine to establish the
competitive position of a cluster. The researcher demonsthatem a small open economy,
someportionsof thediamondcanbe externaltothecluster.Forexample,jn Ireland’s case, the
demand is external to the nation. Po(i€90) states it vigorous domestic rivalrg essential
for a clustets competitive successput as Ireland’s marketis small, it lacks this vigorous
domestic rivalry.The Galway cluster is an example of a successful and competitister
despitenothavng all the elementsfthePorterdiamondwhichalignswith argumentsnade by
Fainshmidt et al(2016) This research has showmatPorter's diamond model is not iddar
assessin@ clusteras the moddiocuses on the national level of competitiveness and not all of
its elements angresenin theGalway cluster.This supportgshework by Bellak andWeiss(1993)
and Rugmanand 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
clustersarecontainedn asmall geographiaegion(Evans, 2023). Distan@ndgravity matter
Havingsimilar industriexlosetogethegeneratebenefitghatdeclineasthedistancencreases
(Ferretti et al., 2022). In the case of the Galway cluster, most firms fit in a square with 5km
sides (McKernan &VicDermott, 2024b). The research suppdite Rosenthand Strange
(2003) findings that the advantages of a cluster attenuate with distance and are measurable in
the realworld with distancesslittle astwo to five miles. The exampleof Galway is not

unusugl even Silicon Valley is concentrated in a few hot spots with collaboration firms that
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areoftenin thesamestreetor building(Guzman& Stern,2015). Porte(1990)stateshenation
provides an environment that enalfiens to improveand innovateandfocuses on theation

as the keydifferentiatorfor providing acompetitiveadvantageThe researctshowsthatthe
nationdoes provide the overall environment, but to understand why clusters are estaighed
successful or what interventions are requiradmuch smaller geographic space must be
considered. In the casd the Galway clusterthere 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, anthespecifics 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 segmsi®orter, 1990).

Itis estimated that 80% of the profits in the medical device industry come from products
launchedn thelast 5years(FrostandSullivan, 2006). In this dynamic markete could expect
to see vaves of creative destructibimpacting the industrywith incumbent firms replaced
by new upandcoming stardups (Schumpeter, 1942). The Schumpeterian view of innovation
is missing from the medical device industry &rain the Galway cluster. Schumpeter's model
of innovation and entrepreneurship is a vesliablished theory, but medical device companies
are remarkably resilient. The research shows that new medical devices grow the overall market.
New competitors do not primly compete with incumbentshey create new market segments
and establish a blue ocean strategy that makeobhgetitionirrelevant(Kim andMauborgne,
2015).This researclgaveTAVI andPCl asexamplef newmedicaldeviceghathavetreated
patientsthat previously had no treatment option. Both treatments created new markets and
growth that dd not initially take any market share from incumbent companies. The research
has also showthatestablished medical device companies, despite significant R&D spend
entrenched in the same market segment they were establishdtheinongestablished
Schumpeterian model of destructive innovation has little relevance in the medical devices
industry. Stardups in the Galway cluster all search for an unmet clinical need enabling a new
market disruption (O’Hliloran, 2023).

Christensen’¢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 compaaidsedwme
entrapped by the innovator's dilemma. It strongly supports Christend®&9%) model of
innovation, and explains why Sultan et al. (20245gue bhat multinationals are ¢hoking
innovation”. Multinationals buy their market disrupting innovatiahich 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 (Etzkamdtizeydesdorff, 1995;
Krugman, 1991Porter, 1990PRED, 1966;Sinclair, 1967). This research agrees with these
findingsbut hashighlightedtheimportanceof individualentrepreneurs;ulture andaregion’s
ability to attractpeopleto creatandsustainthe success ahecluster.This researcrshowshow
firms in the Galway cluster have a commoredige encouraging an open and collaborative
culture (McKernarandMcDermott, 2024a). lagrees with Stephens et al. (2019) finditigs
social and institutionalconnectiveness essentiato supportingand 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 semstructured interviewsonducted in this researdhighlighted the
importance of Socializing through informal activitiés and chance meetings provide the
opportunity for collaboration(Dorfman, 1983). Feld’s(2020) Boulder thesis proposes

a practicalphilosophy to creatacollaborativeculture. Theresearctbringsusbackto Marshall

(1890) whohighlighted that th success of a cluster was du&nowledge spreading as iin"

the air.

5.9. Implications for policy

The cluster is affected by policies at the global, EU, national and local levels. USA
governmenpolicy is themostimportantglobal influence.Change# theregulation ofmedical
deviceshave resultedin the Galway cluster having a ‘launch in the USA first’ strategy
(McKernanand McDermott, 2024a).

EU regulationsof medicaldevicehaveresultedn asignificantlossof competitiveness
for theGalwaymedicaldevicecluster.lt hasbeenshownthatclusters such ador examplethe
Munich biopharmaceuticals clustdérave been created due to favable 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
(McKernanand McDermott, 2024a).

Key policies at a national level that affect the cluster include tax, FDI strategy,
intellectual property rulesand clinical trialsrules The ecycling of entrepreneurs is a critical
part of a cluster’s health (Mas@andBrown, 2014). The current capital gains tax is a barrier to
entrepreneurial recycling. For example, startups are often purchased with stage payments that
aredependentn performance®bjectives and dl tax is payableat the purchaséasedon the

share value Performancemeasuresare commonly missed and despitepaying tax on the
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initial valuation only dractionof theinitial valueis paidtotheentrepreneur.The treatmenbf
share optionshouldbeadjustedomakeit easierfor companiedo attractstaff. Tax is currently
paid at the granting of shares rather than when they are sold.

Government agencies should avoid dispersing FDI thinly across the casttns
prevents cluster formation (Phelps, 2008). Clustering similar companies in close geographic
proximity creates a critical mass that enables a virtuous cycle of growth (Cooke, Z@85).
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 ldodver, 1972 ,Krugman, 1991).
Employmentdensityis the biggest predictorof new cluster formation, as successattracts
success (Evans2023). Ireland and the Galway cluster are particularly reliant on USA
multinationals(de Freineet al., 2023;BrazysandRegan2021). Clusterings thebeststrategy
to makethelocation sticky and stop thevild geese from migratirfigCassidy et al., 2009).

At the national levelcurrent government policy for clusters is confused and lacks
direction (Hobbs et al., 2022). THeck of direction has resulted in 45 organisations working
to developclusterswith no definitionof whata clusteris. The organisationdack critical mass
and stability as demonstrated byypical staffof oneandan averag ageofless tharfive years
(Thornton, 2023).

Due to the clustering effect decaying with distance (Tartari et al., 2021; Ferretti et al.,
2022; Ganguli et al., 2020; Rosenthad Strange, 2003¢luster organisations should focus
on specific industrial segments in a defined geographic region. For example, medical device
companiesn GalwayCity focusedncardiovasculatreatmentsffortsshouldbe maddogrow
from existing clusters rather than ceeaew ones (Evans, 2023).

A useful start to policy is an agreed definition of a cluster. EY2D23) proposed a
definition of a cluster as a minimum of 15 related firsubject to a maximum distance of 250
meters fotethatthe specific distance can be adaptéd)the availability of a deep pool of
skilled labour is the most important requirement for site seledfi@cluster geography should
belimited to approximately one hdsrtravel fromthe core city ortown 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.

Governmenisponsored cluster organisatiosBould be identifying the needs of the
cluster as dictated by their responsibilitiesGovernment agencies can facilitate firms in the
cluster to identify commorissuesand+naterialsthat negativelyimpact the cluster. Potential

suppliers’materialsand serviceghat the cluster needsin be identified and targeted. These
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targeted firms should be attractedheclustergo help“fill it out’ (Enright, 2000). Attracting

firms toform aclustemequiresa coordinatedmulti-annualstrategy An example of coordination
could be strategically placing students from the cluster in target firms as part of work
placemerg. This will give the targetfirm accessto staff, which they identify as the most
important factor for site selection.If targetfirms require a specialist building, planning
permissionfor thattype of buildingshould be soughh advance of the firm deciding to move

to Ireland.

Government clustering groups should be cfasstional with all stakeholders
represented but led by entrepreneurs (Feld, 2020).

Traffic jams in effect increase the distance between locations. Managing traffic is
essentiatoincreasingthepotentialscaleof asuccessfutluster.Mostclusteringoccursin small
economiccentreswith strong transport links (Evans, 2023). For the Galway medical device
cluster,asecondoridgelinking thecity andimprovedpublic transporis required A moredirect
connection betwedine mainmedicaldevicecentresvould alsohelp. Acycle/ pathwaycould
connect the cergs of Parkmore anBallybrit. See Figure 5L fora possible route that would

reduce the distance to travel between the Medtechesdmtr2 km.

Figure5-1 Galwaymedicaldeviceclusterwith possiblecycleway (Shownin green)oetween

Parkmore and BallybriSource:Author’'s own work)

Multinationals typically spend between 7.5 to 15% on R&D. In general, they fail to
deliver differentiated product€hatterji, 2009). By transferring some of the R&D spergto

investing intheecosystemwhich is possiblewith a dedicatedstartupacceleratopartner they
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have the potential to access differentiated innovation from startup instightidtinationals
basedn the Galwayclusterareawareof the needto developtheir capabilitiesandincreasehe

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
successgainst lowcost alternative sites in the corporation’s network.

Informal communication is critical to clusters (SorenaodAudia, 2000). The policy
shoulddeliberatelyencouragepportunitiefor communication Enabling coffeeshopsnearor
part of clusters provides opportunities for informal communications. Current measures for
innovation such as the Gll 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 clustés reputation increases the odds of attracting investment and achieving
synergy from it (Rosenfeld, 2001). Figure25shows possible branding optiond is
recommendedhata physicalartworkis placednearParkmore This would enableits imageto

be used in selfieproviding free advertising.

Figure5-2 Possiblebranding ideasor thecluster(Source:Power 2023)
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5.10. Limitations of thisresearch

Participantsvolunteeredto take partin the semistructuredinterviews Efforts were
madeto ensure all stakeholders in the cluster were represefitedde is a risk that the
participantsviews are nosrepresentative as they are people whowere prepared to give up their
time. Efforts were made to limit the impact of sample bias using databases to confirm
assumptionsThe number of interviewees stopped at 16. The relatively small sample size was
another limitation of the work. Respon$esn intervieweesverein alignmentwith eachother
andthequantitativedatg so the data was saturaf#lous the sample size was deemed adequate.
The research was conductspkcificallyon a medicaldeviceclusterin Ireland.This means
conclusionsmay not apply to other industried.ccuracy of data in database®ated by the
author was difficult to capturand confirm. For example,employee numberswere often
obtained from newsreleases on company web pages. Participants in interviews stated
companies deliberately understated employment levels.

This research is based on industry in a cluster. Itis unlikely to be applioabkource
based industries that cannot physically clugtgriculture for exampleis 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 ihat a differentiated strategy is most suitable for
medical devicéirms in the cluster.This strategywill alsohelp sustainandgrowthe clusterA
constant supply of new products is requireteface older productas their sales price makes
the manufacture in relatively higiest 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 uséhd. relationships between patents are ugeful
identifying collaboration betweencompaniesand 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 telecommunic#&ientronics industry came and
largely left Ireland without establishinga sustainablecluster. Researchingthe reasonswhy

clusters did not form may provide valuable insights to clustering theory.
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The research quickly focused on the Galway clustedata indicatetthatit had a high
startup rate. A followon mapping exercise for supporting industries would be useful. The
author suspects supporting industries have a wider geographical spread. Investigating if
supporting industriet a clusterhaveawidergeographicspreadcould give someinsightsinto
the development of clustemnd how economic benefits can be spread to wider regions.

Itis recommended thatclustershould be defineds having a minimum of 15 firms
with a maximum distancef 250 meterseparating themPlotting industries that meet this
criterion would provide insights into the number and $ygfeclusters in Ireland.

Governmenpolicy is notalignedwith publishedtheoryon clustersSomeof thepolicy
documents have been written by acadenmg their recommendations are not aligned to
cluster theoryA study of why policy and theory are misaligned could provide good practice
for the development of policy.

For medical devices, nonconsumption means that patients cannot be treated.
Regulatonframeworksandelaynewproductauncheswhichisthecasdor TAVI in theUSA,
for example Research to correlate how late bedside access to products can nesgitive
impacts on patientswould be usefulin assessinghe suitability of regulatorypathwaysfor
medicaldevices.

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 floe clusterand metrics to measure

the health of the cluster.

5.12. Implications for the cluster

Theresearchehasarguedthroughoutthis work thattheclusteringeffectcanprovidea
sustainable competitive advantage that is difficult for other regions to copy. Supportive
government strategies have helped capture the benefits of FDI argtddck- series of local
medical device companies. The common lineage between many firms and close geographic
placemenbf thecompanieasled to acollaborativeculture enablinginformationtobe shared
“in the air”.

Althoughthere is no leader or master designer when examining the ctlissterscan
be shapegdand their direction changethe thesis supports Porter’s assertion that it is the rate
of improvement anthe creation of advanced factors that determines the success of a cluster.

Mauritiusis anexcellentexampleof how clusterscanbe createdhrough deliberateffort. The
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rate of startupsand innovationtrendsare 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 relevantreéatworld policy. Resources should not be
dissipatedacrossa nation. FDIshouldbe encouragedn regionswherethereis someclustering

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. Athe same timesfforts should be made to improve the health of the ecosystem
and should involveepresentative 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| Role Stakeholder | Experience| Comments
Number Represented
P1 Professopf University 30Yearst | Also establishedeveratompanies
Engineering (nonmedical devices).

P2 Leadershipole | University 20years+ | University innovationhub
in Technology
transfer office

P3 Executive Multinational| 30Years+ | Americanmultinational

P4 Business Government | 30 Years+ | InnovationHub funding
Consultantife
sciences

P5 Early-stage Startup 15Years Startup medicaldevicecompany
Entrepreneur

P6 Founder CEO | Entrepreneur| 30years+ | Multiple spinsoutsuccessfullyaised
several milion in funding and the
current CEO.

P7 Founder CEO | Entrepreneur| 30 Years+ | Foundeandsuccessfullsolda
medical device company.

P8 Engineer University 5Years Recentlygraduatedvith PhDfrom
Science~oundatiorireland“Curam”
research group.

P9 CEO/ Founder | Entrepreneur| 30 Years+ [ Managemenbuyoutsoftwarecompany
for connected medical devices.

P10 CEO/ Founder | Entrepreneur| 30years Foundeandinvestolin medtech

plus companies.
P11 Director of Multinational| 30years Multisite role
Researcland plus
Development

P12 Director of Multinational| 20 Years Successfustartupnowownedby
Researcland Multinational
Development

P13 VP Scientific Clinical 30Years | Workedin severamultinationals
Affairs internationally.

P14 ChiefFinancial | Funding 30Years | Organisedfundingrounddor3 start
Officer ups

P15 Business University 20Years | Researcltentrebasedn theuniversity.
Manager,
ResearciCentre

P16 Chief Entrepreneur| 35yearst+ | Serial Entrepreneur. Successfully
Technology startecandsoldmultiplestartups.
Officer
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Appendix B

List of majormedicaldevicecompanies establishad Ireland (Authorsvork).

Company Employees Established Head Device/
in Ireland Quartered splt]s;;?r?éot

applicable

Drug
Trulife 413 1963 Ireland Delivery
BD 450 1964 USA Diabeticcare
BD Drogheda 150 1964 USA Diabeticcare
Siemens 600 1966 Germany IVD

Drug
BD Dun Laoghaire 350 1969 USA Delivery
Stryker 639 1972 USA Orthopaedic
Stryker 1972 USA Orthopaedic
StrykerCorkInnovation
centre 1972 USA Orthopaedic
StrykerCork AMagine
Institute 1972 USA Orthopaedic
StrykerCork 1972 USA Orthopaedic

Drug
BaxterCastlebar 1,000 1972 USA Delivery
Wright Medical 201 1972 USA Orthopaedic
Essilor 350 1973 France Ophthalmic
CharlesRiver 230 1974 USA Support
Abbott Nutrition Ltd 300 1975 USA Devices
Abbott Laboratories 43 1975 USA Support
Hollister 984 1976 USA Devices
BaxterSwinford 600 1977 USA Devices
Teleflex 300 1979 USA Vascular
CregannaVedical 603 1979 Ireland Vascular
Nypro Bray 634 1980 USA Devices
BauschandLomb
Ireland 1500 1980 Canada Ophthalmic
Amcor 64 1980 Australia Support
Randox 115 1982 UK Diagnostics
B BraunMedical 56 1983 Germany Devices
B.Braun Hospicarétd 1200 1984 Germany Devices
Teleflex 724 1985 USA Support
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NatusNicolet
Bio-Medical Research
MedtronicMervue

AbbottIrelandNutrition
Division SERVICE

IlconPlc
Alere International
Alcon

WyethNutritional's
Ireland

WyethNutritional's
Ireland

Trinity Biotech
ArcRoyal

Mallinckrodt
Pharmaceuticals

Cook Ireland

BostonScientific
Galway

AbbottDiagnostic

TransitionsOptical
Merit Medical
IntegerHoldings
BD Enniscorthy
ZeusPackaging
Vision care
WatersCeltic
DePuySynthes
AdhesivesResearch

BostonScientific
Clonmel

BostonScientificCork
Ltd

Abbott Ireland VVascular
Stryker

200
72
600

300
1,000
205
413

1000

605
579
200

3,289
970

4,500

300

335
903
750
450
358
900
788
575

65

1,000

1,000
900
1,361

1989

1989
1990

1990
1990
1991
1991

1992

1992
1992
1992

1993
1993

1994

1994

1994
1994
1994
1996
1996
1996
1997
1997
1997

1998

1998
1998
1998
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USA

Ireland
USA

USA
IRL
USA
Swiss

USA

USA
Ireland
Ireland

USA
USA

USA

USA

USA
USA
USA
USA
Ireland
USA
USA
USA
USA

USA

USA
USA
USA

Diagnostics
Devices

Respiratory

Devices
Support
Diagnostics

Ophthalmic

Nutrcian

Nutrcian
Diagnostics

Devices

Devices

Vascular

Vascular

Diagnostics

Ophthalmic
Vascular
Vascular
Vascular
Support
Ophthalmic
Diagnostics
Orthopaedic

Devices

Vascular

Vascular
Vascular

Orthopaedic



Medtronicplc

MedtronicParkmore
Medtronic Athlone
PennEngineering

EurofinsBiopharma
Goodman Medical

Abbott Ireland
Abbott DiabeteCare
Abbott Laboratories
Liberty Medical Services
Zimmer Orthopaedics
Abbott MedicalOptics
MedtronicCity west
Nypro Waterford
Abbvie

BD Limerick

4500

500
206

299
187
900
300

50
750
350
100
300
950

200

1999

1999

2000
2001

2003
2004
2005
2006
2006
2007
2008
2009
2010
2010
2013

2017
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USA

USA
USA
USA

Luxembour
g

Japan
USA
USA
USA
Ireland
USA
USA
USA
USA
USA

USA

Vascular

Vascular
Respiratory
Support

Devices
Vascular
Diagnostic
Diabeticcare
Diagnostics
Support
Orthopaedic
Ophthalmic
Vascular
Devices

Devices

Devices



Appendix C Resultsof the Delphi technique

Round2 Round3
Inter Quatrtile Inter Quartile
Range Range

Question Q1 Q3 IQR Average Q1 Q3 IQR Average
Funding is a significant barrier to start up
expansion. 3.75 4.25 0.5 3.59 4 475 0.75 4.21
Availability of human capital is slowing the
growth of the cluster. 3.00 5.00 2 3.56 4 5 1 4.29
Competitiveness is local, and more
dependent on the local location than
national competitiveness factors. 2.00 4.00 2 3.02 3 3.75/ 075 3.07
Firmsin the Galwaycluster should adopt
differentiated product strategies that
service an "unmet” clinical need. 3.00 5.00 2 3.35 225 3 0.75 3.00
Clustering of firms in Galwayhas positively
impacted the competitiveness of the
location. 2.75| 4.00 1.25 3.29 4 5 1 4.43
Third level institutions have been an
important succesdactor for the Galway
medical device cluster. 3.00 5.00 2 3.98 4 5 1 4.21
Accessto clinical trials and clinical centers
hasbeen animportant part of the success
of the Galway medical device cluster. 1.00 205 1.25 234 1 2 1 1.57
Trafficcongestion isa 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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Thereputation of the cluster is extremely
important. 3.00

9 5.00 2 4.00 4.14
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