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Abstract

Small and Mediunsized Enterprise (SMES) associated with manufacturing often form
complex ecosystemthat are difficultto understand and manage. This is particularly
common in developing economies. Whilst the role of manufacturing SMEs has grown
in creating jobs and businesses in mastustrialised nations, SMEs in developing
economies are lagginglo enhancethe understanding of local SME ecosystem
complexities, this thesis engages 17 manufacturing SMEs and two incubators in
Botswana. The research aksxploresfour makerspaces and bigmanufacturing SMEs

in the United Kingdom (UK). Participants are engaged through -senoutured
interviews and exploratory visualisations to construct rich knowledge on their local
innovation ecosystem micilevel structures. Further, the qualitativetadés analysed
through thematic and visual network analysis techniques. Data from Botswana and the
UK contexts provide the opportunity to perform a croase discussion between an

industrialised and a developing economy.

This thesis proposes a framewookenhance the understanding of manufacturing SMEs

innovation ecosystems and contribute to the scarce local SME ecosystem design

|l iterature. The O6Jigsaw ecosystem design frar
study projects in Botswana and the UK tas. This framework is tested through a

series of calesign workshops with 105 participants in Botswana and at a virtual

conference. The thesis findings demonstrate that the framework is useful and applicable

in enhancing the understanding of local maectdring SME ecosystems, suggesting a

continual learning process of ecosystem structures by all key stakeholders in local

ecosystems.

The thesis concludes by highlighting the potential for future research focused on
developingthe Jigsaw framework into digital application that can capture local
ecosystem configurations in reahe. This work may further enhance the continual
learning of ecosystem configurations and support decisi@king atthe micro-levels

of the local ecosystem. Further testing of the framework with diverse agents and

contexts is proposed to increatsescope.
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Chapterd: Introduction

1l ntroducti1 on

This chapter starts by highlighting the
need to understand SME ecosystems. The chapter also discusses how an ecosystem
approach might enhance the understandingooél ecosystems in Botswana. The
chapter higlights gaps in innovation and strategy research and outlines the aim and

research questionsxderpinninghis thesis. Lastly, the thesis structure is presented.

1.JMoti vati on

When this PhD work started, my motivation was to expladditive manufacturing
tedhnology and how this might contribute to manufacturing SME competitiveness in
Botswana. This was but a glimpse of the source of motivation for this. Wetérted

my design adventures before high school. Growing up in one of the poorest regions in
the wald in the early 80s, life was not so eaaytoday. Making things through
improvisation was part of my daily design encountén@n farm work to household
appliances. When | went to high school in the late 90s, design and technology became
my favourite sibject because it resonated with mjerestto create things anexpress

myself throughmaking

At the time, the Government of Botswana also recognised design and technology as an
important subjecthat could contribute to the country's seemnomic deelopment

This led to the introduction of technical wing groups in a select few (four) high schools
around the country to offer a combination of design and technology, electranits
computer numerical controlled machines. Introducing technical subjestaneant to

promote technical skills development. | was one of the top students in the design and
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technology subject selected to attend one of the four technical wings. The adventures of
exploring design became stronger in high school. This motivatetb mtudyfor an
undergraduate degree in Design. After gngduation| worked as a product designer in

the military. Icontributeddesign knowledgé& improvea range of military equipment.

After three years of my expeditian the military, in 20081 decided to move on to

study for a Master of Science in mechanical design and theory in.@Githaugh this

course was aombinationof engineering and design theory, it matched my needs as a
product designer because | needemiore depth appreciation groducts’ mechanical

and tribology aspes. Spending three years in China expandedntgrestin design
methods and product design. | admired the simplicity of making things on the streets of
Beijing, Shanghai and Shenyang, the art of selling products oe #ireets of
Guangzhou and Shenzhen, and the effortlessness of infusing indigenous materials and
knowledge in product development pro@sssn the streets of Tibet. In 2011, | went
back to Botswana, where | worked for a power company for a few yearganiagt

and development officer.

In 2012, | also cdounded a digital marketing SME named Massive Advertiser. My
entrepreneurshippurney quickly became about growing the local SME ecosystem by
providing marketing and advertising spaces in our print @deerand website. At
Massive advertiser, | got to appreciate the challenges SMEs encounter every day in
growing their competitiveness. Working with manufacturing and service SMEs through
consultancy, business supp@mnd trade, learnedthat SME challeges were more of a
systemic nature than just abondividual businessesources. Most of the systdavel
challenges that | observed were associated aldlck of skills to manage dependencies.
For example, managing complementors initir@vation system, whether it was to do
with suppliers, other SME®r customers connected to the value creation netwag

a huge challenge. Most SMEs also preferred working in isolation and did not want to

share resources through group marketinguply chains.

In 2015, | joined a University institute as a teaching instructor in design methods and
renewable energy. Mynterests expanded towards exploiting research and how this
might be resourceful in solving SME challenges in Botswana. My positiaieat
University gave methe leverage to travel and intermingle with policymakers in

Government, the private sector, research centied norgovernmental organisations
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involved with SME development. | also collaborated with other University scholars in

engneering design pedagogy, which led to three conference publications.

After two years of teaching design methods, | was motivateepdore research in
solving entrepreneuds ¢ h a linlthe nogrens In 202, | was awarded a prestigious

and highly competitive UK Commonwealth Scholarship to study finin Design at
Lancaster University, a top 10 University in the UK. | initially delved into the topic of
additive manufacturing technologies (3D printing) drmav this technology might be
augmented to improve SME ecosystems in Botswana. This study later metamorphosed
into how design and visualisation techniques might enhance the understanding of local
manufacturing SME ecosystems. This change was motivatdielealisation that the
solution to enhancmanufacturingSMEs was not just in importing technol@g and in

what technologes could produce but in how it could contribute to creating new business
model innovations. Consequently leading to a focus on ergltocal ecosystems.

This thesis details an account of how manufacturing Siielerstand and shape their
ecosystems. A design visualisation approach is developed in collaboration with SMEs
in Botswana to understand local ecosystems. The use of viswalssabelps
stakeholders to gain access to new insights about their ecosystem structures. The UK
SME ecosystem actors, i.eanakerspace owners and manufacturing SMEs, are also
explored in this present thesis to compare contextual differences and howsifisight

these much more industrialised contexts might be augmented to develop SME

ecosystems in Botswana.

This thesis combines atesign principles, visualisationand innovation ecosystem
constructs to bring together local ecosystem actors and facditéitee involvement in

designingthe understanding of local SME ecosystems in Botswana.

l1.2Under standing | ocal i nnovatio

Recently, the role of SMEs has grown in creating jobs and business innovations, thus
accounting for a significant share of teeonomiesAFDB/OECD/UNDR, 2017) A

holistic approach tonurturing entrepreneurshifis necessaryto grow economies
(Buckley and Davis, 2018; Audretsch and Belitski, 201®his idea is also
demonstrated by the Government of BotswéBehutte and Direng,029) and other

African governments through massive financial investments in promoting
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entrepreneurshiBenjamin, 2019; Mujinga, 2019; Hadassah, 20Hywever, as noted

in OECD (2017), drawing up policies for SMEs is a cumbersome endeavour

A Si 1BNEs are often embedded in local ecosystems, which represent their
primary source of knowledge, skills, finance, business opportunities and
networks, it is also important to consider factors affecting framework conditions
at the local level, and how poles developed at national level are tailored to
local conditions, as well as how they coordinate with policies that are shaped at

the regional or terr.b)torial |l evel o0 ( OECD,

The above quote indicates that much of the work needs to be focuseglamexthe

local SME ecosystems, where entrepreneurs are embedded. Nurturing entrepreneurship
at the bottom of the pyramidarketrequiresmore than just giving out money to SMEs,

but understanding, nurturing and managing local interrelationships and
interdependence@/on Stamm and Trifilova, 2009)his is highlighted in(Noh and

Lee, 2015) where authors demonstrate how critical external collaborations can be to
SME competitivenessThe concept ofinnovation ecosystesrs receiving heightened
attentionfrom strategy and innovation management resessbblargAdner and Feiler,

2019; Dedehayir et al., 2017; lansiti and Levien, 2004; Jacobides et al., 2018), thus
indicating its significance.

Although there is no single definition of SME ecosystéBigd and Harrison, 2018)

this thesisdefines ecosystems as networks a€torsthat are working together and
dependent v each other for survival and growth, where these collective networks are
capable of fostering innovation (Adner and Feiler, 2019; Dedeléawl., 2017; lansiti

and Levien, 2004; Jacobides et al., 20TB)er the years, there has been a gradual shift
in innovation managememesearchHrom firm-centric approache®.g, resourcebased
views, to an interest irusingecosystent approachegMoore, 1996; lansiti and Levien,
2004)

The ecosystem metaph@ becomingincreasingly crucial to strategy, innovation and
entrepreneurshipesearctbecause firmsrenow heavily reliant on external resources to
make innovation happeidner and Feiler, 2019Jan et al., 2020). Although business
managers acknowledge the significance of ecosystems in growing businesses (Lyman et
al., 2018), theystill lack theknowledge andools tounderstanddevelopand manage

innovationecosystems in theenvironmentgRosli et al., 2017; Jacobides et al., 2018)
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Many connected stakeholders are unclear on what their interconnectednesgamean
their companies and the broader SME ecosyst@niderman et al., 2016)
Consequently, there is a need for a dretinderstanding of innovation ecosystem
structures (Radziwon and Bogers, 2019) and how to create new opportunities for
interconnecte@nd interdependeaictors (Su et al., 2018; Rong et al., 2018).

Some researchehave longpredicted that the future after-firm shared value might be
shaped by how well actors manage and understand distributed innovations in ecosystem
environments(Von Stamm and Trifilova, 2009; Baldwin, 2012h the past, SMEs
operating under traditional models struggled with devefppimovations due ta lack

of resources, e.gexternal knowledgéTraitler et al., 2011). Recently, it was reported

that developing innovations aboutcreatingan ecosystem where actors such as firms,
people, sectors can collabaaand create valugGranstrand and Holgersson, 2020),
which is anchored on leveragisgstemwide resourcesind heterogeneity of actors

The role of entrepreneurs in shaping the lezasystem through a bottemp approach

is not clearly definedMotoyama and Knowlton, 2017Regional theories such as
cluster quandruple and qaiuple theoriegprovide limited analysis of the structure and
networls of local entrepreneur@Motoyama and Kawlton, 2017) For example, he
Quintuple Helixasan analyticaimodel evaluat® interactions amongst actors seeking
progress in society by looking at politicalducationaleconomic,environmental, and

social systemgBarcellosPaulaet al., 2021 Howewer, these modelslo not fully

explain how actors caactively shape understand and navigate local ecosysterhe.

lack of analysis and understanding of the SME ecosystem structure means that SMEs

are not fullyleveragingtheir potentialto enhance innovation.

1.3Need for aheeelosgpgpremach to S
ecosyusntdeemr st andi ng

Research has been done aational innovation systems to explore the competitive
advantage of interconnected firniNylund et al., 2019)This thesis expands on the
national systems view by exploring how SMEs in local ecosystems might contribute to
the local economy. There is a needdevelop systerevel capabilities required by
manufacturing SMEs toactively designthe understandingof local innovation
ecosystems (Radziwon et al., 2014). This need calls for practical tools to support actors,
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i.e, entrepreneurs, policymakers, rasghers, customers connected to the

manufacturing SME ecosystem.

Holistic questions about how entrepreneurial ecosystems are structured, what assets
they need cannot answer the operational and interactional dynamics between ecosystem
actors(Motoyama andKnowlton, 2017) This thesis useSME networks as structures
defining thelocal ecosystem formThis idearequires anin-depth understanding of
interconnectionsbetween actors to decipher complexity in local SME ecosystem
structures. This is achieved bycftesing onexploring actors mental models of local

innovation ecosystems.

1.4Hi ghl i ghting the gap iIin innovat:i

Little has been done to develop local ecosydirmel understanding through practical
tools that decipher complexity acrossnterconnected actorsn a local context
(Audretsch and Belitski, 2016Roundy et al. (2018) also highlight the limitations in
entrepreneurial ecosystems' literature daveloping a theoretical framework that
acknowledges ecosystem complexity,, ilgteractions between agents, firms, and socio
cultural forces. Ecosystem configurations are mostly viewed from the lens of objective
social facts, yet they are subjectively shaped through continual social interg¢fiidns

et al., 2019) Understanding th contextual soctoultural, technical boundaries, and

behavioural factors that shape the local SME ecosystem is giRoiahdy et al., 2018)

Developingdesigncapabilities to aid SME ecosystem actorsvisualising, analysing
andunderstanding their tal ecosystems is essential to ecosystem literature, innovation
policy, and practice in which this thesis seeks to contribute new knowledge. The gap
highlighted here, and also in sections 1.2 and 1.3, is in line with what other ecosystem
researchers havacknowledged as a theoretical and practical limitation of existing
ecosystem literature and practi¢gankov et al., 2019; Jacobides et al., 2018; Su et al.,
2018; Rong et al., 2018; Rosli et al., 2Q1This research gap has been identified after

an extesive literature revieweportedn chapter 3.

In the following section, the thesis outlines the aim and research quegtioirgy this

thesis.
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15Ai m and research questions

This thesis ainms to develop a design visualisation framework to enhance the
understading of SME ecosystems. This approach is necessahglpmanufacturing

SMEs better understand local ecosystems

1. Whatis an innovation ecosystem, and how does this fit within the manufacturing
SME environment in Botswana in terms of contributingsticiceconomic

development?

1 This question highlights the status of SME support in terms of policies
targeted at growing the SMEsnovation ecosystems and how this might
lead to socieeconomic development in the country.

2. In what ways might local manufacturiregosystems in SME environments be

supported to create shared value?

1 This research question seeks to explore the growing body of literature
around innovation ecosystem design by highlighting and discussing key
concepts, e.ginnovation ecosystems, creating shared value, disruptive
innovations, cedesign and visualisation methods (these concepts are
fully explained in chapter 3)

3. How might insights from decisiemakers in innovation ecosystems in the UK
be augmented to supp the understanding of manufacturing SME ecosystems

in Botswana?

1 First, this research question explores the 3D pridbaged innovation
ecosystem cases through engagement with experts to build an

understanding of how they shape their innovation ecesystructures.
1 Second, it explores makerspaces as innovation ecosystems in the UK

through interactions with experienced makerspace owners and some
affiliated makers/SMEs.
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1 Third, the question explores manufacturing SME incubations as
innovation ecosystemsin Botswana through interactions with

manufacturing SMEs and incubation managers.

4. How might ecosystem design and visualisation approaches support and enhance

the understanding of local SME ecosystem structures in Botswana?

1 First, this question testselproposed ecosystem design framework from
question 3 via calesign workshops with manufacturing SMEs,

researchers, policymakers, customarsl others.

1 Secondly, this question also tests the ecosystem design visualisation
frameworkat a Design Research Society (DRS2020) virtual workshop
with design researchers to improve the approach for use with different
ecosystems.

5. Where could the design visualisati@pproach be improved to enhance the

understanding of local manufacturing SME ecosystems?

1 This question discusses the framework based on both the UK and
Botswana insights and suggests an expanded ecosystem design
framework for enhancing the understandiofy manufacturing SME

ecosystems in Botswana.

16Research outline

This thesis is arranged into eleven chapters, of which the introduction is the first.
Chapter 2- Botswana context: This chapterighlights critical milestones in policies
targeted at growing ¢hSMEs industry in Botswana. The chapter also underlines the

challengesand an ecosysteiavel need to grow the manufacturing SME contribution

to socieeconomic development.

Chapter 3- Literature review: This chaptempresents thditerature reviewrelatedto

design researclereating shared value, disruptive innovation, innovation ecosystem, co
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design and visualisations. The chapter discuss®ss ancturrent debates around these

conceptsand outlines the need for further empirical research underpirmmthesis.

Chapter 4- Methodology: This chaptepresents the research approach and a rationale
behind the research methods adopted. This includes discussing data collection
techniques used, i,e.explaining semstructured interviews, visualisatignsand
workshops. The thesis also discusses the sagypdiata analysis techniques, validity

and ethical considerations.

Chapter 5 Pilot project and tools development:This chapterdiscusses the main
findings from an exploratory project with three ecosystem case studies in the UK. As
the first phase of an plorabry study, the chapter provides insights and modifications

to the research design and early suggestions on the direction of the thesis.

Chapter 6- Exploring makerspaces as local SME ecosystenighis chaptebuilds on
the findings from chapter 5 by ggenting the main findings from an exploratory case
study with three makerspace ecosystem cases in the Northwest of England. This is the

second phase of the explorative study in the UK.

Chapter 7- Exploring incubators as local SME ecosystemsLhis chaptepresents the
main findings from an exploratory case study with four incubatorsimehependent
SMEs in Botswana. This is the main chapter of the tha$istrating how local

manufacturing ecosystems are structured in Botswana.

Chapter 8 Co-designing the understanding of localised SME ecosystems This
chapterdiscusses findings from eadesign workshops, i.ethree inrperson workshops
conducted in Botswana. These workshops tested the proposed framework with

manufacturing SMEs, researchddsiiversities, plicymakersand administrators.

Chapter 9- Co-designing the understanding of research ecosystemsThis chapter
presents findings from a virtual -@esign workshop conducted tae DRS2020 virtual
conference. The workshop also tested the propesedystem design framework with
design researchers to explore how the framework might be improved from diverse

ecosystem settings.

Chapter 10 Discussions: This chapterbuilds on findings from both the UK and
Botswana presents a comparative discussionMeen the UK and Botswana context,
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and collategliscussions against existing literature. Major findings from both the UK
and Botswana are discussed to expand the ecosystem design framework for practical

application in manufacturing ecosystem milieus.

Chapter 11- Conclusions: This chapterconcludes the thesis, outlining how the study
has contributed new knowledge by demonstrating how the aim and objectives have been
addressed. Limitations of the study and future extensions of the research are also

outlinedin this concluding chapter.
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2Cont e xt

This chapter presents a brief overview
Small and Mediunsized Enterprises (SMEs) fit within the broader socioeconomic

i nterplay of Botswanaods yshedshgbtrayapporfuhites ¢ h a
and challenges to SME policy interventions to date, targeted at growing the local
entrepreneurship development. Finally, the chapter underlines thefareddsignto

grow the manufacturing SME ecosystem.

21 Bot swana Cont ext

Botswana successfully transformed its economy from one of the poorest countries in the
world from 1966 when it gained independence until it attained a middbene status

in 1986, and in 2005 it was classified by the World Bank aspgermiddleincome
country (United Nations, 2016; African Development Bank, 2018fhe country is
deeply reliant on diamond mining as the primary commodity contributing around 35%
towar ds t he (Afrcan Déeveloprdent B& R R014As a result, Botswana
invests a signitant amount of diamond proceeds towards the sectmomic
development of the peopléGovernment of Botswana, 2016)e, through social
services such as free education, healthcand social welfare for those who need it.
Although the country exhibitexcellent macroeconomic structures, challenges of high
unemployment (at more than 20%), povedayd highincome inequality still exis{The
Vision 2036 Presidential Task Team, 2Q16pncerning how the Government might
diversify the economy away from tmining sector, SMEsre identified as potential

drivers of the c¢ ouGbvemniestofd@otswana, 201T)i cat i on
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Throughout this thesis, the use of t he
Medium, and Micro Enterprises (SMMES) to explarenufacturing SME ecosystems.
SMEs represent an importansector for industrialised economies(European
Commission, 2015and developing economi¢Zulu-Chisanga et al., 2020There are
varied definitions and classifications of Small and Medgired Enterprises (SMES)
globally for various reasons. For example, in Europe, SMEs are categorised into micro,
small and mediursized enterprises consisting of fewer than 250 persamsyal
turnover not exceeding EUR 50 millipor an annual balance sheet total not exceeding
EUR 43 million (European Commission, 2015This definition is meant to guide
officials in European countries to draw up schemes and grants to support deserving
SMEs.

Specifically, the UK defines SMEs as registered businesses of up to 249 employees
(Ward and Rhodes, 2014Within the SME category, small enterprises are those
employing fewer than 50 persons and having annual turnover or a balance sheet total
not exeeding EUR 10 million, and micrenterprises employing fewer than ten persons
and making an annual turnover or balance sheet total not exceeding EUR 2 million
(European Commission, 2015). The Organisation Eepnomic Cooperation and
Development (OECD) nes that there is no standard international definition for SMEs,
but for its statistical purposedefines SMEs much like the European Commission,
where SMEs are classified as micro, employing up to nine people, small, employing up

to 49 people and mediyramploying up to 249 peop(®ECD, 2017)

While acknowledging the varied definitions of SMEgich depend on each region or
country, the study adopts the definition of SMEs as outlined in Botswana context
(Rapitsenyane et al., 2014h Botswana, SMEs amassified as micro employing less
than six people and having an annual turnover of BWP60,000 (Approx. GBP 4,000),
small enterprises employing less than 25 peopfel an annual turnover between
BWP60,000 and BWP150,000 (Approx. between GBP 4,000 and@QAd medium
enterprises employing less than 100 people with annual turnover between
BWP1,500,000 and BWP5,000,000 (Approx. between GBP 101,600 and 338,700).

acr or

Sever al reports and research articles identif

developmat agendgMutoko and Kapunda 2017 International Trade Centre, 2019a,;
Rapitsenyane et al., 2014; Hague et al., 20Ib¢ SME sector employs about 70% of
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the workforce in many countriémternational Trade Centre, 2019b)aking the sector
critical inth e ¢ o u n t-ecgnonsc stsategyi Botswana is no excep(lascolo

and Fischer, 2005and the country acknowledges the significant role SMEs could play
through the national development plan @overnment of Botswana, 2018hd the

new vision 2036 agnda. Vision 2036 is aligned to the sustainable development goals
(SDGs) 2030 agenda on so@oonomic development (The Vision 2036 Presidential

Task Team, 2018p reaffirm the country'sommitmento SME development

22Key mi |l estones in SME policie

As stown in Figure 21, by plotting the SME policies in a timeline, the thesis
synthesises the key policy status and progress across the years since the 1960s. This is
important to show an overview of how SME policies evolved with time. Although the
Governmenbf Botswana introduced the Financial Assistance Policy (FAP) in 1982 to
assist SMEs with small loans and grants, only 4% were successful at the time, most of
the funds reserved for SME development were allegedly mismanaged (Tesfayohannes,
2010). Later, adllustrated in Figure A, the Government stopped then&ncial
AssistancePolicy and introduced th€itizen Entrepreneurship Development Agency
(CEDA) in 2002 to Assist SMEs with loans, trainjrajnd mentorship.

Nevertheless many SMEs faed challenges related to bank requirements &mal
production of viable business plafieemtime, 2008) The Government then introduced

the Local Enterprise Authority (LEA) in 2004 to assist SMEs with business
development skills and mentorship prografiiermational Trade Centre, 2019and

later build five incubation spaces around the country to supporugtdrtisinesses. To

build and strengthen the entrepreneurial ecosystem in Botswana, the Government
further embarked on an ambitious project to provid&epneneurs with innovation
spaces under Botswana Innovation Hub (BB$}ablished in 200@IH, 2020)

The Government also introduced several grants and loans, ie.¢he Youth
Development Fund (50% loans and 50% grants) in 2009 valued up to a@BeX.
30,500, ii) Gender Affairs fund (100% grants) valued up to approx. GBP 30,500, iii)
Young Farmers fund (100% loan) valued up to approx. GBP 33,900, iv) Arts and
Culture fund (100% grants) valued up to approx. GBP 16,(K&@nie, 2018) Despite

all the above supporgrants, previousesearch in Botswana shows ti7&% of SMEs

fail within the first 18 months of operatiprand the overall failure rate is 80%
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(Gaetsewe, 2018)These programs seem to have failed to create economic tealue
supportstartups to grow and create employmeRéecently, the Government introduced
the innovation fund througBotswana Innovation Hub in 20hdrevised the Citizen
Entrepreneurial Deveponent Agency (CEDA) policies to increase the loan threshold
for SMEs toGBP 37,700without the need for security or collateral in 2020. Amongst
the new CitizenEntrepreneurial Development Agengyidelines, several sectors of
manufacturing businesses amserved for Botswana citiz&awned businesses, €.g.
furniture manufacturing printing, signage, traditional craft@and leather products

(CEDA, 2020) all aimed at growing manufacturing SME businesses andugtsut

Previous studies on Botswana manufaicigrSMEs found many constraints ranging
from lack of access to finance, lack of entrepreneurial and innovation skills, lack of
marketing skills, lack of policiegsand others that hinder the development of
manufacturing SMEs (Temtime, 2008; Internationadde Centre, 2019a; Nkwe, 2012;
Rapitsenyane et al., 2018ecause of these constraintise manufacturing industng
contribuing less than 6% towards GD&nd thisvalueis reported to be declining yearly
(Statistics Botswana, 2017).

Most manufacturingSMEs associated witthe leather,textile and crafts industrgan
employ many peopléMotswapong and Grynberg, 2013jowever, t seems current
policies have not adequately addressed the vexing issue of resource constraints.
Scholars have sincadvocated for intefirm relationships as ways of overcoming
resource and capability challengeqZulu-Chisanga et al., 2020)A possible
contribution to socieeconomic development could be through local manufacturing

SME ecosystems since SMEs are embeduéatal ecosystems.
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Figure 2.1: Major milestones in

policies for enhancing SMEs
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23The need for policies aimed at

manuf acSMES ng

Recently, the COVIBL9 pandemi ¢ stalled most of the

to promote entrepreneurship developmentBwtiswana Government priorities were
swiftly channelled towards the fight against COVIB, resulting in some SMEs
closing. Also,most manufacturing SMEs were affected by a series of lockdowns, and
without proper internet connectivity and reliable electricity, working from home was
impossible. However, therdeavebeen significant opportunities for some SMEs in the
digital space, i.ein the software application development domain, who benefited in the
fight against COVID19. This accounted for a small number of SMEs. Consequently, as
shown in Figure 4 above, the Citizen Entrepreneurship Development Agency recently
launched the rased policy to stimulate the manufacturing industry fromGiaa/ID-19
lockdown effect§CEDA, 2020)

The main constraints raised during the launch of the revised policies were
manufacturing SMEscompetitiveness, specifically against imports and large foreign
owned firms(AllAfrica, 2020). The question was on how manufacturing SMEs can be
assisted to grow their competitiveness. Through the industrial development and trade
act amendment of 2020, Ipymakers identified key manufacturing sectors, ,e.g.
leather,arts and craftand glass or ceramic produdis preserve indigenous knowledge

and practices and promote locally inspired SME innovafiGiEDA, 2020) This policy

only allows citizerowned frms to partake in the selected manufacturing sectors
because the importation of cheap products has long been identified as one of the major
threats to competitiveness and groflemtime, 2008)Other threats includéecreased
diamond prices and changesdlimatic conditionsaffectingbeef production, access to
water and electricity(International Trade Centre, 2019djcreasing manufacturing
SMES contribution to GDP holds the key to economic diversification, job creatith

growth (International Tade Centre, 2019a)

Having tried several policy instruments to grow the manufacturing SMEs, little has been
achieved to date. Furthethe COVID-19 pandemic seems to have uncovered new
vulnerabilities in the manufacturing SME environment. Therefore, tiseaeneed for
manufacturing SMEs to explore ecosystiawvel factors, e.g.access to skilled workers

located outside SMESs, new policies to promote interconnectedness, external knowledge
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connections, soctoultural, infrastructure, technologies, and busfesupport
organisations. These factors are defined in the International Trade Centra) (2pbot

as crucial in supporting SMEsompetitiveness but mostly reside outside the SMEs
traditional domain. Notably, manufacturing SMEs dependlwrtterm stategies and
plans centred around their firlavel capabilities(Temtime, 2008) Understanding
manufacturing SME ecosystelevel factors and developing the capacity to leverage
internal and external opportunities seems to be a significant step towardsieghan
SMEs competitiveness. This idea may create more employment opportunities, thus

contributing to socieeconomic growth.

24EcosylIseéeenl t hinking

Previous research supports the need for improving ®mmoomic conditions to
enhance productive entr@meurial ecosysten(Sheriff and Muffatto, 2015; Audretsch

and Belitski, 2016; Theodoraki et al., 2017; Bhawe and Zahra, 2017; Spigel and
Harrison, 2018; Roundy et al., 201&s shown in Figure 2, in 2017, Botswana
Innovation Hub introduced the innowvati fund with a systemic objective to build a
national innovation ecosystermhe fund was intended to provide seed capital to-inter
firm collaborationgBIH, 2020) Here the Government is starting to recognise the need
to adopt systemic approaches to inrtmra Oh et al. (2016) suggest that money and
intellect are insufficient to promote innovation at regional levedther a weH

connected innovation system is needed.

Many countries now recognise the significanEévestingin ecosystems rather than in
supporting a single actor. This idea is partgcdéuseknowledge combinations and
partnerships across firms may lead to more innovation oytpudena and Roper,
2016) Most manufacturing SMEs in Botswana still lack the understanding of how to
leverage capabilities outside their firgMutoko andKapunda 2017. Given the widely
acknowledged barriers to SMi&sompetitiveness, e.gack of access to funding, lack

of access to skilled laboyrand lack of access to mark¢f®emtime, 2008; Rapitsenyane

et al.,, 2014; International Trade Centre, 20194utoko and Kapunda 20179,
developingan ecosystemevel approach to innovation may promote manufacturing
SMES interconnectedess, thus leveraging social capital to improve competitiveness.
Ecosysterrlevel capabilities may assist lesssourced SMEs to augment their firm

level capabilities in innovation processes.
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2.4.1 Why is contextbased ecosystem thinking important?

Looking back at the history of Botswana in terms of material and social practices, there
are specific mechanisms that defined local community structures. These mechanisms
shaped social connectionthat were deeply enshrined in Botswana culture and
manifested stnagly in cooperation, exchange of gifts, sharing of tools and food, and
social gatheringamongst others. However, this thinking seems to be vanishing in the
modernday manufacturing practices in Botswana. As astutely stat@daalosi et al.,

2008) the country needs to leverage these samitiural practices to contribute to
socioeconomic development. I(Moalosi et al., 2008)the authors argue that while
borrowing from other countrieis good people need to use their resources and culture

to promotannovation that will shape their future.

The subject of ecosystems in the Botswana context is not entirely new because certain

activities in the past can be explained in the context of ecosystems. Since ecosystems in

this thesis are defined as networksaofors working together and dependent on each

ot her for survival and growt h, t his concept
historical, sociecultural practices and connotations where people were known for their

generosity to share and assist others m ¢bmmunity(Moalosi et al., 2007)The

sharing was accomplished through seeic o nomi ¢  me c h aMaifsinesa 0such as
Setswana languag@hich means cattle that are loaned to other people for their use and
caretaking(Parson, 1981)This mechanism allowedestitute persons to access cattle

from wealthy households. Collective craftsmanship was also common and anchored on

the spirit offi b o t. i@ & b o t priociple works on the idea that all actors in the

community need to add value to community depeient This value can be achieved

t h r o uegiprocityi mutual assistance, a sense of responsibility, respect and

recognition to ald as elaborated i(Modie-Moroka et al., 2019)

Ploughing was treated as a collective responsibility amongst communities through a
sociceconomic mechanism called | e t sie @etswana languagevhich means
volunteering time on behalf of family members to do farm work in exchange for farm
produce. Hunfig was also done in clusters, where the benefits were shared amongst the
hunters.All socioeconomic mechanisms were designed to leverage social capital based
on the principle offi b o t. Musosocial capital seems to be eroding in Botswana

(Seleka et al.,@7), where it could be fortifying local ecosystem structures within the
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modernday manufacturingpaces It is important to consider how contextual secio
cultural and economic factors affect local manufacturing ecosystenamugment

ecosysterevel capalities.

25The roleinfsdppogni ng manuf ac
Bot swana

The role of designin manufacturing SMEs is less understood in Botswana
(Rapitsenyane, 2019Although there are several pedagogical studies which aimed at
promoting design conceptusdition into the curriculum at secondary and tertiary levels
(Moalosi et al., 2016; Olakanmi et al., 2016; Moalosi et al., 2018eems very little

has been achieved in transforming design principles out of school settings into the realm
of manufacturingSME systems. Rapitsenyane et al. (2014) developed a framework to
promote desigied productservice systems in leather manufacturing SMEs to promote
competitiveness in Botswana. Moalosi et al. (2008) developed a catierged design
model to aid producdesigners in creating culturally oriented innovations. Therefore,
more SME innovation ecosystem design research is now needed to expandeon the
previous works. This is important to promoe contextspecific designerly ways of

innovationby focusing oreasystemlevel approacés

26Concl usi ons

This chapter discussed significant milestones and challenges in policies for enhancing
SME ecosystems in Botswana. Although the Government is showing commitment
towards building entrepreneurship in the country,elilffort is aimed at growing
manufacturing SMEs through ecosystiawel approaches. Most policy initiatives have
focusedon firm-level capabilities until the recent innovation fund, targeted at growing
the ecosystem leveiapabilities for entrepreneurs. &vso, manufacturing SMEs from

the crafts and indigenous technology domainslagging More attention seems to
focus on information technologylated entrepreneurs who account for a small number
in localised SME ecosystems. Therefore, these challenges reqdiesign approach
focused oran ecosysterevel understanding and interventions amst manufacturing
SMEs and key stakeholders, e.golicymakers in Botswana, and how they might

enhance the understanding of local SME ecosystem®inote entrepreneurship
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LI terature Revi

In the previous chapter, tlieesisdiscussed opportunitiemi@ challenges for enhancing
SME policies towards socieconomic developmenthis chaptercritically discusses

the shared value, disruptive innovatioand ecosystem metaphor. Then focuses on
where this thesis sits in design reseamod how disruptive inovations, collaborative
design and visualisation techniques might be usefybiomoting theunderstandingf
entrepreneuriabcosystems. The chapter concludes by outlining gaps and the need for

further empirical research.

31l ntroducti on

Enablingentreprenerial ecosystems can be a lidhanging endeavour in underserved
markets (Ndemo and Weiss, 20} 7that notwithstanding, organisations continue to
experience challenges, e.gcarce resources and limited capabilities in facilitating and
managing ecosystem@dner, 2017b; Jacobides et al., 2018he manufacturing
industry in industrialised nations is evolvingpidly (Nagy et al., 2018), whicls
possible partly because of the advent of new capabilities such as digital information and
fabrication tools andhow these capabilities shape innovations ecosys(@ranstrand

and Holgersson, 20207 herefore, it is believed that future manufacturing SMEs might
benefit from leveraging networks and digital tools to shape their systeonssight,

2013; Ghobakhloo an@hing, 2019; Sniderman et al., 2016)

This chapter provides an overview of the literature review framework by drawing

relationships between important keywords in design and innovation ecosysigune
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3.1 highlightstherelationship betweedesign,entrepreneurial ecosystepand creating
sharedvalug leadingto socioeconomic developmentSeveral significant relations
emerge fronthis approach (Figure 3.1but SMEshave threemain routes to follow to
create shared valu€&irst, they may use route 1 tgursue social innovatioto create
sharedvalue or use social innovation toeate newbusiness modelgading toshared
value. SecondSMEscanuse route 2 tdouild innovation ecosystems to create shared
value or createconditions to promotserendipity for disruptive innovation, which may

createshared value.

Third, and most relvant for this thesigoute 3shows an alternative for SMEs txploit
design capabilities to create new roles, leadimgdisruptiveinnovation and shared
value. This route can also lead tatalytic innovabns, disruptive innovationsand
serendipity for disruptive innovation ecosystenend shared value. The chapter
discusses these synergasl mordn the following sectionshighlighting key literature

that supposdthevalue of desigin theinnovation ecosgtemdomain

Route 1 L .
p—pe-| SOCial innovation

Business model
innovation

: Creating Shared
Value

SMES Route 2 Innovation |
ecosystems | !

Bottom of the| :
pyramid :

Disruptive i
--- innovation - ------

ecosystems

e [ e e i i catalytic

: : innovation
—»[ Design Co-design —
Route 3 : e
Désiiers Visualisation
: 9 methods :

links
Controlled
links

Role —  SMES
structures [~~~ T T 777 routes

Figure 3.1: Literature review approach

32Creating shared value for SME

The idea of creating shared value emerged from corporate social responsibility. As
shown in Figure 2, by plotting the key historical highlights of social responsibility and
shared value in a timeline, the chapter provides analysis and synthesis of how creating
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value evolved with time. Figure. B3 shows that social responsibility became prevalent
postWorld Warll.

Although aligning corporate decisions wiociety's valueshas been in academic
publications since the 1950#fle has been achieved to create sustainable value for the
underserved communitigRamani and Mukherjee, 2014 the early and nd-2000s,
social responsibility authors like Lantos, Chandlend Werther started discussing
social responsibility as a strategic imperative which they claimed led to sustainable
competitive advantage€Chandler and Werther, 2008h 2006, Porter and Kraen also
started exploring social responsibility as a way of creating shared \altex in 2011,

the authorsadvocatedor shared value as a novel idea to replace social responsibility
(Porter and Kramer, 201L1p0me even claimed that social responsibiibuld slow
down in the future because adncepts likecreating shared valy&atapi Agudelo et al.,
2019)
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1950s Bowen defines social responsibility
of business according to societal
values
1960s Davis advocates for social
responsibility to equate social power
1970s USA publishes policies on corporate
social responsibility
1979 Archie B. Carroll new CSR definition
1980s Thomas M. Jones considers CSR as
decision making process
US President Reagan talks more about
CSR
1987 The UN adopts the Montreal Protocol
1988 IPCC-Intergovernmental Panel on Climate Change

Archie B. Carroll publishes pyramid of

CSR definition

Launch of business for social
responsibility-BSR

Prahalad define bottom of the pyramid-BOP

1990s

1992

Politics in support of CSR

2000

O Advocacy in CSR

O Key publications in CSR and CSV

Adoption of UN MDGs
Lantos link strategy to CSR
management

Chandler & Werther identify a shift in CSR as
a strategic necessity

2001

2005
2006 Porter and Kramer explore CSR as a
way of creating shared value

Prahalad criticise CSR handouts initiatives

2011 Porter and Kramer claim that the purpose of corporations
must be redefined as creating shared value, and this

should replace CSR

*Size of bubble indicate subjective

judgement of importance

Vienna declaration promote social innovation as urgent

2014 Crane et al criticise CSV

2015
2016

Archie B. Carroll probable futures of CSR

Chandler defines the generation of sustainable
value as the main objective of SCSR

00 )o0—00()-0o000)o

2020

Figure 3.2: Historical highlights of Corporate Social Responsibility leading to
Creating SharedValue
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Creating shared valus definedas follows:

APol icies and operating practices t hat e
company while simultaneously advancing the economic and social conditions in

the communities in which it operates. Sharemlue creation focuses on

identifying and expanding the connections between societal and economic

p r o g r(Rodesand Kramer, 2011, p.56

The above quote implies that shared value is about turning social problems into business
opportunities, thus tacklyg societal problems wigl achieving great profitability

Al t hough other scholars dismiss this concept
the prevailing tensions between social and economic ¢Gadse et al., 2014 Porter

and Kramer (2011) arguthat the framework is widely embraced by many and

acknowledged as usefult is rather challenging to balance corporate interests with

solving social need¢Crane et aJ.2014) , despite Porter and Kra
Hossain (2017) argues that the funéaal dimension of sharing value with external

partners is receiving little attention from innovation researchers.

Shared value is closely related to concepts like social innovatigngesmerating new
ideas that work to meet social goals (Michelinil2p Hencethe shared value concept

is attracting much criticism as a novel id&ae keyto the criticism is that while shared
value presents a wawin opportunity, it fails to provide a framework to navigate
misalignment situationeetween economic argbcial outcomes for muistakeholders
(Crane et al., 2014)The debate seems to be stuck on the dualism between shareholder
and stakeholder value.

Creating shared value is also closely associated with the bottom of the pyramid theory.
In his theory, Pradlad (2009) argusethat people living in poverty areas need to be
treated as a potential market insteadusing approaches such as corporate social
responsibility, e.g. handouts. Thidea may lead to sustainable social change and
poverty eradicatiorfWalsh et al., 2005)Some authors long called for a rapid move by
corporations to use the bottom of the pyramid strategies that engageuenton and
co-creation to bring business actors closer to commun({@sanis et al., 2008)
However, corporationseem to be lagging in engaging the community actors in creating

social and economic outcomes, particularly in Botswana.
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The key features of shared value, social innovataoml the bottom of the pyramid are
the involvement of social actors in the firm'soromic activities, e.g. civic
organisations, mayors, ammbliticians (Kanter, 1999) Support from these actors may
facilitate prompt systemic changes in society. Innovation typically emerges from
combining existing business models in new ways, but thes dot always translate into
new value. In(Nicholls, 2006) value is achieved if people can reach their potential by
investing less to solveomplexproblems.To effect change, Michelini (2012) aslthat
firms face different market dynamics theged newbusiness models to tackle. This idea

is also buttressed iPrahalad, 2012; 2009where the authopointsto the need to
develop contexspecific bottom of the pyramid strategies instead of using generalised

techniques to solve bottom of the pyramid unmet needs.

The most compelling argument for social innovation is that it recognises unmet needs
and effectively acts on then(Nicholls, 2006) In SME ecosystemshe interconnected
diversity of SME business modetgldsto the complexity of creating shared value
(Sanchez and Ricart, 2010However, Sanchez and Ricart (2010) argue that the
heterogeneity in businesmodels present more benefits than a single firm and may
induce a systemic change in the ecosysteee appendix 1)Chesbrough (2010) and
Cruickshank (2014) support this argument by emphasising that open business models
allow firms to create more valuérbugh leveraging external assetssourcesand

positions of others.

Tackling social problems while achieving great profitability for SMEs may require
focusing on aligning SMEs business models with unmet needs at the bottom of the
pyramid. Firms often rgue for new ideas and technologies, yet they lack business
model innovations(Chesbrough, 2010)Teece reasons that platform leaders need
enhanced dynamic capabilities to design appropriate business nfjddetse, 2018)

Few studies looked at business mlbthnovation in developing economiédossain,

2017) M-Pesa, a mobile payment ecosystem in Kengaa notable example of

i mpacting peopl eds Il ives while simultan
organisation in an underserved marK&adoulet,2014) Therefore, a contextual
understanding might support productive I08ME ecosystemsghrough creating shared

value
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3.3Di sruptive I nnovation

The Oslo manual defines innovation as follows:

AAn 1T nnovation i s a new or combpatiomved produ
thereof) that differs significantly from t
and that has been made available to potential users(product) or brought into use

by the unit (process2P)o (OECD/ Eurostat, 201

The above definitiongivese f er ence to a 6unitd which descri
innovation, e.g. SMEs, and the successful application of products and processes places
innovation in the context of need. Innovation is also about identifying new connections
and opportunitiesind exploiting thenfBessant and Tidd, 20Q7lnnovation can either

be incremental or radical. Incremental is improving on what is already existing by
making slight variations on the prody&hi et al., 2020)A good example of this is the
televisionbecaise itcontinually improvesn shape and function while the core idea and
components remain. In contrast, radical innovatiaevelop new ideas through
revolutionary technologies and new business mo&usito, 2015) Examples of tese

are personal compute and the internet that are now ubiquitous and transforming the
entire world. Incremental and radical innovation spaces are illustrated in Figure 3.3

below.
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Paradigm
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Figure 3.3: Innovation spaces (Bessant andiidd, 2007)

Aside from incremental and radical innovations, there are also sustaining and disruptive
innovations. Sustaining innovations exist in the current markets instead of new value
networks and aim to improve and sell more products to their mostaptefcustomers
(Christensen et al., 2017). This is achieved by meeting the needs of existing customers.
An example of sustaining innovation is the iPhone. This product thrives on releasing
new versions of the phone, which seem to appeal to the samd baihesalue
customers, leveraging on the feisting value networks (Son et., 2018). Contrarily,
disruptive innovation means creatingh@vmarket by providing a different set of
values, which ultimately (and unexpectedly) overtakes an existing n{@tkestensen,
1997).Disruption in this case, refers to the process whereby a new or smaller firm with
fewer resources successfully challenge established firms for markets (Christensen et al.,
2015). This is normally achieved by providing simpler, cheaper goodenough
alternatives to the underserved group of customers (Christensen et al., 2017). SMEs

Badziili Nthubu- August 2021 27



Enhancing the Understanding of Manufacturing SME Innovation Ecosystems: A Design Visualisation
Approach

provide the driving force to disruptive innovation, vital for seeeamnomic growth
(OECD, 2017) This is so because incumbents are usually less attracteds® small
profit markets It is not worth their time and resourcé$ierefore, they instead focus on
providing for their most profitable and demanding custor(@lsistensen et al., 2015)
For example, although Xerox Palo Alto Research Ce(R®RC) was the first to
develop inventions such as the ethernet, a prototype of a modern PC, graphical user
interface, mouse and laser printers, executives failed to see the commercial value in
these inventions (Viki, 2017).

Not all new technologies are disruptig@hristensen et al., 201&3)ut it is the business

models that the technology shape that sometimes creates disr@goppset al., 2018)

Additionally, disruptive innovations are often hampered by technological and market
uncertainties, weak value propoens and resource scarcityHossain, 2017)
particularly in developing ecPB®A0 emobiAlne ex a
money ecosystem in Kenya. Although the ecosystem project later became a success, it

faced hurdles such as unbanketconnected,and semiliterate users and other

contradictory regulatory requirements (Hughes and Lonie, 2007).

Christensen et al. (2006) introduced a notion of catalytic innovation alongside the
disruptive innovation concepivhich appears as a promising approach aeshvalue.
Catalytic innovation is considered a subset of the disruptive innovation model but offer
solutions to inadequately solved social problemtse MinuteClinic is an example of a
catalytic innovabn in the USA, where they offer services thatumbent health
providers do not offebecause of limited profi{Christensen et al., 2006} hristensen et

al. (2006) argue that although disruptive innovation has led to social changes, these

changes are mostly serendipitous anghyducts of business puitai

The main goal of catalytic innovation is social change. The examp&niteClinics

brings essentialhealth care services to many who are otherwise unable to access
doctorodés offices. This 1 s because trdhe i nnovat
t han visiting t he doctor 6s of fice and si mi
(Christensen et al., 2006). Incumbents firms may be reluctant to pursue simpler, less

expensive, more accessible services and products to capture the bottom of the pyramid

markets, hence the need for catalytic innovators. Targeting manufacturing SMEs aiming

at contributing to social change may create shared value for the bottom of the pyramid
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community. Finally, disruptive innovation seeks to increase competitivendsist
catalytic innovation seeks to solve social problems. How might SME ecosystem actors

combine these capabilities to create value?

34The i nnovation ecosystem conc

It is not surprising thabusiness researchers have always used metaphors from the
natual systems to explain organisational and innovation sys{®wead, 2016; Shaw

and Allen, 2018) This is because there is no comprehensive theory to address the
complexity and emergence of ecosystems in entrepreneurship and innovation domains
(Roundy et al 2018) Complex adaptive systems have been used in some cases to
explain the dynamics of interconnected finfizalmberg, 2009; Ifigo and Albareda,
2016) Nonetheless,rganisations continue to experience challenges in understanding,
facilitating and manging innovations in interconnected, everchanging ecosystem
milieus (Rosli et al., 2017; Jacobides et al., 2018; Adner, 2QB#d) this is becoming a
bigger challenge foentrepreneurwith limited capabilities and resourcé8ECD, 2017,
Buckley and Davis2018; Von Stamm and Trifilova, 2009; Motoyama and Knowlton,
2017)

Understanding SME ecosystems is necessary for developing economies to reinvigorate
local ecosystems tpromotedisruptive innovations (Xu et al., 28landsocial change
(Figure 3.1) When local ecosystems do not have adequate knowledge about disruptive
innovations in developingations, they rarely tap into these sustainability potentials
(Khavul and Bruton, 2013). Ecosystems are explained as complex adaptive systems
because of the unpriethble patterns, behaviours, and structures exhibited that

influence other processes and the system's overall beh@&Rioundy et al., 2018)

The word O6ecosystem’ originates from th
interaction and interdependered | i vi ng organi sms within
& Grumadait a, 201 4,; Ferdinand & Mée er ,

biological concept is widely adopted metaphorically in the industry and academia to
explain business and innovation procegsassiti and Levien, 2004; Howkins, 2010)
There arethree broad aspectsf ecosystemghat are often used interchangeably:
business, innovatiorgnd platform ecosysten{®dner, 2017a; Jacobides et al., 2018;
Gawer and Cusumano, 2014The difference betwee business and innovation

ecosystems is that the latter emphasises the system of innovations, i.e. value creation
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(Adner, 2017b)while the former focuses on individual firms and a community of actors
t hat i mpact the firmbs ¢taptwd(lansits and yewen,f or manc e,
2004) The platform ecosystems focus on technolbgged platforms where platform
hubs and complementors create value for custo(Gawer and Cusumano, 2014his
thesis uses the innovation ecosystem constemphasisingnterdependent actors and
how they interact and create benefits to the entire ecosygteéner and Feiler, 2019;
Jacobides et al., 2018)

The innovation ecosystem defines a set of actors and processes that cooperatively and
competitively interact to cevolve and innovate(Christensen, 2013)The actors
collaborate to offer new networks, new products, technologies and services to customers
and business modekSmith, 2010) Adner (2017) highligigt the ecosystem as an
alignment of interconnected actors to create value. Although a large part of the
innovation ecosystem is sadf/olving, part is shaped by coordinated and conscious
actions(Abel et al., 2011)Another key difference is that firms caaprdly changetheir
business strategies, unlike biological species constrained by ¢eaesman, 2018)

While this metaphor has been widely accepted as useful, some researchers have rebutted
the notion of using natural ecosystems as analogies to expteination and business
systems and labelled the process as flawed when used as a rigorous c@istetcl.,

2016) Oh et al. (2016) emphasise that innovation ecosystems are designed and
engineered with teleology much different from natural systertitseer® long abandoned

the idea(Haynes, 1971) Although Moore (1993) was the first to introduce the
ecosystem metaphor in meticulous detail, the author also cautions against its

overzealous use as a theory.

This thesis finds the metaphor useful, partidylain exploring entrepreneurial
ecosysters Appreciating how biological species are configured in terms of
interconnections, cexistence, natural selection, survival, and gro(@h et al., 2018

may inspire the understanding of ecosysterfiddoore, 1993) This thesis also
appreciates the distinction between natural and innovation ecosystems, where natural
species survive one day at a tifevang and Horowitt, 2012while firms depend on
business model innovations for survival (Oh et al.,, 2016).-M&t, Amazon,
ALIBABA, Apple, eBay and Microsoft are some of the few examples of the entities
which excelled in the past due to their business model innovdtigngan et al., 2018;

lansiti and Levien, 2004)
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In areas where there is an acute scarcity of respuieg. developing economies,
businesseare confronted with contextual challenges such as low access to capial, low
income consumers and low access to technologies (Hughes and Lonie, 2007; Webb et
al., 2009). Because of thechallenges, there Bneedto shiftfrom isolaed operations

to distributed processes or dependence on otrganisations and people (Zulu
Chisanga et al., 2020; Songling et al., 20E&)ms are now becoming part of a broader
network of organisations (Chesbrough et al., 20@8)sequently SMEs arealso seen

as actors withinthis broader ecosystemomplex. Most SMEs to large firms have
limited capabilities in understanding and managing iotganisational relations within

their milieu (Schoemaker et al., 2018; Jacobides et @182 Adner highlighs the

importance of understanding ecosystems as thus:

ASuccess in a connected world require
before you can manage your dependence, you need to see it and understand it.
Even the greatest companien be blindsided by this h i Adheb, 2012p.16)

Some researchrs emphasise the need to understand interrelationships and
complementarities between different ecosystem actors and how these might be
leveraged to create shared vajdener and Feiler, 2019; Dedehayir et al., 2017; lansiti
and Levien, 2004; Jacobides et.,aP018; Rosli et al., 2017)The evolving
interconnectednesf firms in  ecosystems remanunclear due to different
organgational logics (Gratacap and Isckia, 2018)nderstanding behaviourand
practicesof differentfirms might lead to thesuccess oEmergingecosystemgJacobides

et al., 2018) Some suggested how loosely formed ecosystems might be developed into
productive ecosystemi@&haw and Allen, 2018)Adner (2017)found that identifying
factors thatshapeecosystemsvas paramountandthis was littressed byPankov et al
(2019) who identifieddifferent contextual factorghat mayinfluence the exchangef

ecosystenmesources

Contextual factors may vary from an industrialised and a developing ecofdmay.
firm's abilities to reconfigure competeas to meet changing intérm relationships
influenced by different contexts and actors is esse(lli¢ce et al., 2016)The key
issue here isinderstandinghe local ecosysteroontextsto create shared value, which
requiresan ecosysterevel capabilityand knowledgeKnowledgeabilityis seen as a
continual process constituted in everyday practiod provisional instead ofjiven

(Orlikowski, 2002) Therefore, this thesis seeks to establish what capabilities are
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required by SME for continual learning and understanding of local ecosystems. Then
explore how actors might gain thosmpabilities through a design approach to

understand ahcontinuously reshape the local ecosystem.

35Di sruptive I nnowatnicerm tnagad 9 ysst em
l nnovation ecosystems

The thesis conceptlises adisruptiveinnovation ecosysterms annnovation ecosystem
capable of delivering disruptn, where dsruption is about smaller businesses
combining their resources and coordinating their capabilities to succesdiallgnge
large ecosystems for markeés discussedn page 27 This concept is discussed in this
thesis as a conceptual lendrivestigate local ecosystenvghich may lead to disruptive
solutions with the potential to create social chafkggure 3.1) Although James Moore
introduced the ecosystem concept to understand business strategy and comipetition,
conceptualisation wasatier adapted in exploring social networks and community
structures(Ansari et al., 2016; Gratacap and Isckia, 2013; Galateanu and Avasilcali,
2016) In industrialised economies, there are good examples that appear as disruptive
ecosystems, e.g. Uber and tyf the taxi business, Airbnb and Breather in the hotel
businesgLibert et al., 2014; Smith, 201,6and Apple iPhone in the telecommunication
businesqVValkokari et al., 2017)Some of these examples are discussed later in this

chapter.

The idea of dismitive ecosystems appears useful for developing solutions to social
problems.It would be vital to design disruptive ecosystems from scratch, but the
dynamic behaviour of disruptive ecosystems can be challenging to undéRtamaly

et al., 2018; Christees, 2014) For purposes of appreciating the structure of
ecosystems, it is generally explained in terms of eiarb-centred star or flat mesh

like structuregMazhelis et al., 2012)t seems ecosystem structures are defined by how
actors interrelate ih each other. As shown in Figure43(A), by plotting nodes
connected to a single central node, the thesis simply demonstrates howcentred

star structure look. An example of thisttse Uber ridesharing ecosystem. Also, as
shown in Figure 3 (B), by plotting nodes connected to many other nodes without a
hub centre, this thesis shows how a flat réshstructure look. This is associated with

entrepreneurial ecosystems, where there is no hub leader.
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A. hub-centered star structure generated using Erdos Renyl B. Flat mesh-like structure generated in Python networkX: The

Model in Python networkX: The centre red node is innovation ecosystem structure is associated with connections
associated with a keystone,hub or dominator role depending on between enterpreneurship partners with no hub or
the innovation ecosystem design. dominating actor.

Figure 3.4: A typological visualization of innovation ecosystems: Showing A (star

shaped structure) and B (flat mesHike structure).

While hubbased ecosystems might be manageable through plattmsed strategies

and roles, flainesh like ecosystems,ge SME ecosystems, may be difficult to manage
due to lack of a structure to manage many diverse actors possessing distinct
characteristics and motivationdlasys and Bennett, 2016g.g. contrasting socio
economic and interdependent business modBkrile et al.,, 2016; Russell and
Smorodinskaya, 2018; Mortati et al., 2012)

There is an opportunity for SMESs to create disruptions in underserved markets because
incumbent firms find it risky to evolve their ecosystems to attract these markets
(Christensen et al., 2015). Entrepreneurs find underserved markets intriguing to develop
disruptive innovation§OECD, 2017) Microsoft Zune seems to be a good example of a
failed ecosystenthat was expected to disrupt the iPod ecosystem by offering cheaper
and competitive pricingWoody, 2013) Users had little motivation to opt for Zune ove

their established iPod ecosystem; the marketing and advertising were not enough to
overcome the iPod (Lombardi, 2013). The challenge is on how SMEs tackle local unmet
needs to create the munkeded disruption.

3.5.1 The Strength of weak ties

Identifying the right factors and resources to support the development of disruptive
ecosystems seems to be a challenge confronting SMEs interested in leveragagngl low
markets. To create shared value within SME ecosystems, leveragitigdngof weak

ties albeit old (Granovetter, 1973)may aid SMEs in identifying and using resources
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outside their traditional domains. The theory suggests that acquaintances are more
influential than close friends, particularly in social netwdi®&sanovetter, 1973)n this
case, social networks are not necessarily comjateed (Facebook, Twitter) but also
involve inperson interactions. Exploring weak ties may help Shtentify key
bridges that lead to new resources and informadtieg might not otherwise relacThis
theory seems relevant because it may support SMEs to connect to diffesemation
from that which they receivéGranovetter, 1973)thus increasing serendipity for

disruptionin local ecosystem@-igure 3.1)

It is challenging foiManufacturig SMEs to innovate in isolation without involving
other playerse.g.knowledge centredJpiversities), Government, financial institutions
(David and Anastassios, 2008)teractions amongst small groups sometimes aggregate
to form macrdevel patternsspantaneously which often becomes more complex to
understand (Granovetter, 1973)hér researchersoncludedhat mixing unreliable ties
(weak ties) with reliable and established ties (strong ties) provide new avenues for
disruptive innovationgCruickshank 2010) Recently, it was reported that developing
innovations is shaped bgreatingan ecosystem where actors such as firms, people,
sectors can foster value creation and collaborgtéranstrand and Holgersson, 2020)
Finding useful ways to take advagéaof social networksis a great challenge and

opportunity for designers. This challenge calls for new ways to levestg®rks

3.6Desi gn

This section discussémw the thesiselates to design research, emphasising the role of
design in empowering neorofessional designers to use design capabilities to build

productive local ecosystems.

3.6.1Design inspiration

As explained in section 3.4, part of the innovation ecosystem is\ggifing; conscious

decisions shape part of it. According to Papanek (1pZA&, A Desi gn i s the consc
and I ntui tive ef fort t. oPapainek pemphasisesnghatn i ngf ul
understanding our existence requires us to seek order in it continuously. The works of

Victor Papanek emerged in tandem with the laté G@dical discowes around the

subject of social design, social enterprise and interest in involving more actors in design

decisiong(Lie, 2016) This idea was later propounded in his book entiiedde si gn f or
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t he RealBeWonmrledd.hen, t he t eaciateddvithgdugs 6 w:
from the arts and crafts, this is still predominantly the case in developing economies, e.g.
in Botswana(Moalosi et al., 2016)but in most industrialised nations, e.g. the UK,

design iamostlyseen as a process of chafigah, 2019.

Papanek explains design and architecture as ttmispeople to adapt to their
environment(Papanek, 1983)Thus implying that design functions as a process of
understandingand an al so function to shape the e
definition of design highlight the process as a controlled and conscious activity, where
designers engage in imagining, creating and iterating systems to serve specific market
needs. However, ecosystems are partly organic, less controlled, and influenced by all
theecosystemactomnd not just a single O0designeré
participatory approaches to design, which actively engage all key stakeholders in the
design proces®ell'Era and Landoni, 2014)

There is a need to identify a moreamced approach in understandiagal ecosystem
configurations, particularlyentrepreneurial ecosystems§ince human actions and
choices reconfigure the ecosyst¢Reed and Lister, 2014manufacturing SMEs and
other decisiormakers seem to be bettéagedto designthe local ecosystem.

3.6.2Design researchand entrepreneunal ecosystems

According toHernandez et al. (2017, p02), design ignostvalued bySMES although
they still lackthe skills to determine where and how design can create. \Bdliand
and Collopy (2004p.4) argue that managers are designers and degisaiersin
organisationsalbeit more emphasis has beplacedon decision makingThe aithors
emphasise¢hat byassuming the role of degiers, managersan develop new solutisn
rather than being stuck indefault alternativesand organisational culturesThe
knowledge of existing systems also inhstiew thinking and attitudefHuang et al.,
2018, p.248 In connected environmentsystenic designapproachegmphasise¢ools
to designand managenergy flovs betweensystem componentshusbringing diverse
actors toco-createnew solutions (Nohra and Barberp2019. Koria and colleagues
(2020 highlight that systemic thinkings concerned with integrating resources
connectserviceareas.Other systemic designers call forvatuous circle of relations
between system actons the collaborative design of servic€3elloniand Corubolo,
2017).
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Therefore, designersundertake complex organisational challengemostly through
service design and eatesignto create value irenterprises(Salmi and Mattelmaki,
2019. However, it seems most designers encountanpiex challengessuch as
understandingagnd managingpolicies. Designmethodsarguablymake policies visible
andtangible Kimbell andBailey, 2017. Consequently, @signhas been recognised as
an essentialfactor in fostefng innovation in enterprises, particularly in Europe
(Whicher and Walters, 20).7Design also Hps organisationgexplore and manage
innovationin different and newways (Hernandezet al., 2021). Acklin (2010) long
highlighted that futuredesignresearch neesdo focus on how desigmethodscan be
developed to support SMEs in integrating design in their innovatiocessesThis is
important to tackle local problems while maximising profit éoteprises as discussed

on page?4.

The role of design and who does the desigmideniablychanging(Komatsu Kaletka,
and Pelka 2020) In ecosystemenvironments designis now acting as a condudf
heterogeeous stakeholdersacross firms, thugedefining the moderday designer
(Bryant, Straker, and Wrigley2020. Furthermore,Cairns (2017)looks at design as
attitudesthat require owners of the problento be engaged throughout tipeoblem
solving processandin Sun and Park (2017)participatory experience is seen as a
mindsetabout peopleA healthcarestudy found that although healthcare designers
possesglesign and calesign skills, they still laclearly design engagement of other
stakeholder groupse.g. patientgWest, 2020,p.267. Pedersen (20200.6Q further
highlightsthatdesign researchelps shapand stageencounters irmultiple actorsn a
system Therefore, dsignis important infacilitating mindset shift througlnflows and
outflows of knowledgeacrossactors Consequently, design seems tcahesefulprocess
for capturing knowledgand atitudesembedded intrepreneurial ecosysterfGesario

et al., 201Y.

With that in mind, here is limited research in defining exchanges betweeal
entrepreneurial actors, making it challenging for policymakers tonurture
entrepreneurshipt thelocal level(Cavallo et al. 2020). Literature on entrepreneurial
ecosystemsocuses on higlgrowth firms Spigel 2017 Audretsch and Belitsk2016),
ignoring the networks of micrebusinessegritical for developinglocal ecosystems
(Aljarwan et al, 2019). Scant literature looks at how less developed entrepreneurial

ecosystems emerge (Pustguangusa n d Dr,2020).g e k
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Furthermore, the is still a need texplorethe role of contexts irentrepreneurial
ecosystns (Kansheba and Wald2020) Spigel (2017) examined three examples of
ecosystems where they found that di ffer
material attribute influence entrepreneurs differentlin areas where resourcese

scarce SMEsstruggle to accessapital, technologies, andarkets(Webb et al.2009).

Similar challengesverehighlighted in adesignstudywith early-stage entrepreneurs in
Brazilss low resource settings (Koriavasques, and Telalbasi2020). Several
entreprenerial ecosystenmodelsproposea paradigm shift from traditional approaches

to firms and markets to people, networks, and institutighiedretsch and Belitski

2016 Stam, 2015; Isenberg, 2010; Pugh et al., 20TIBis shift calls for more design
research and how design can add value in promoting and supporting entrepreneurial

actions inlocal ecosystemgFigure 3.1)

The designrole has been deploydtrough service design, design for social innovation
open desigrand policy desigrio contributetowards systemic metho@Karadima and
Bofylatog 2019. Extant literature shogvhow design research facilitatend shape the
understanding of connections between key actors involved in a syBedlantyne

Brodie and Telalbasj@017;Pérezet al, 2019; HyvarinenLee, andMattelmaki 2015)

Design approachdsavealso been discussed as suppmechanisms for collaborative
creations across organisatio(@imonsen and Robertson, 2Q018linder and Lassen
(2018) highlight that collaboration between digners and other actors facilitate
boundaryspanning innovation In other related studiegHyvéarinen Lee and
Mattelmaki 2015; SteenManschotand Koning 2011) designplays a significant role

in creating effective platforms to enable diveessors to collaborate in innovation
However,design needs to integrate sustainable ecosystems and the world around us to
buil d | ocal ¢ ommu(Rhilipsieeas, 8026).esponsi biliti e:

The design focuss gradualy shifting from usercentred design appaches, i.ea user

as a subject (a UBriven phenomenon}o participatory approaches, i.e.user as a
partner (mostly led by Northern Europea(Sanders and Stappers, 2008; Dell’'Era and
Landoni, 2014) These authors further espouse that design isongel just about
designing products for users but developing the meaning of future experiences in
interconnected communitie$herefore, the emerging role of design in ecosystems is
developing methodsand tools that promote collaborations amongst diverse

entrepreneurial actorsThis role positions the designer as a facilitator of innovation,
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empowering people with tools to developw opportunities beyond the presence of a
trained designer (Ballantyrigrodie and Telalbasi¢ 2017 Cruickshank et al., 2016;
Manzini, 2015. This form of empowerment also depends on how the whole network of
relations in ecosystems changes (Zamenopoulos et al., @@)9Design researchers
acknowledge thelesign efforts by nodesignersand seek to imqpve methods and
tools to support themS@ngiorgiand Junginger2019. Therefore practitioners are
challenged to characterise and exploital ecosysters defining value in networks
(Bianchi and Vignieri, 2020

Collaborative design refers it h e ivity ofedesigners and people not trained in
design working together I n t h end8tappersg n
2008, p.6). Co-design empowers actors to engage beyond traditidmeiness
boundaries (Steen et al., 201This ideainvolvesapplyingdesignerly tools to facilitate
collaborative exploration of problems and saus(Brandt et al., 2012; Manzini, 2015;
Trischler et al., 2018)This view shifts from acknowledging adesigner as a creative
expert to a designer asstagerand facilitator of dialogue and negotiations during the
co-design process (Peders@®20). The decisions and actions of ecosystem actors are
innately reconfiguring the ecosystem, sometimes withdeliberate action.By
employing cedesign methods, theghs i s attempts to exploit
as noted by Manzini (201pNhere diverse actors may engage, shane communicate

openly about local ecosystems' present and probableduture

Design research has bedaployed in various way® empowerbusinesseso realise

their potential Thus coupling design visualisations with conversatid@asmove past
abstractions and help participaste and better understand the inner workings of their
ecosystem attributgZweifela and Van Wezemaela)12) For example, Mortati et al.
(2012) developed a design tool called NETS for SMEs to exploit social networks
through visualisationsThe NETSallows users taactivate social networks to create
SMEs competitive advantage (Mortati et al., 2012). Thesistem Pie Model was also

devel

t he

developed to help businesses in modelling their existing ecosystems as a strategy tool to

influence the behavioursof firms (Talmar et al., 2018)An interactive visualisation

design tool was developed called dotlink360, whichmeal at assessing the

interconnectedness of business ecosystems and decision making (Basole et al., 2013).

Basole et al. (2018) later designed the ecoxight timaliscover, exploreand analyse

business ecosystems.
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Jan et al. (2020) recently proposedato cal |l ed the oO0Circul ar.
analyse, ideate and develop circular innovation ecosystems. Therefore, this thesis
extends thesdesignattemptsusing participatory design principlés explore ways to
empower connectedentrepreneurgo consciously influence the evolution of their
networks of networksThe concept of exploring visualisation methods is discussed later

in this chaptefSection 3.7)Next, the thesis discusses the conceptualisation of possible
designelemens andfactors that may influence thevaluation andunderstanding of

local ecosystems.

3.6.3Conceptualisingelements andactors for disruptive ecosystems

Ecosystenelementsand factors are challenging to understéiDedehayir et al., 2@).
Rabelo and Bernus (2015) also identified the gap in ecosystem literature on how
innovation ecosystems are built or emerge and the need for a broader analysis in this

area.

Moore (1993) proposed a foephase life cycle (birth, expansion, leadership, selé

renewal) focused on developing business ecosystems for value capture. Hwang and
Horowitt (2012) explain the building of the innovation ecosystem in three phases (i.e.
see, cultivate and nourish), thus treating the ecosystem like a rainforest. Qlioes au

also propose similar ecosystem phases with different phrases such as connect, inspire
and transform phasé€kaplan, 2012) Rong et al . ( 20phdsglifee xt et
cycle by introducing emergence, diversifying, converging, consolidatingwieme
ecosystems. Since this is based on the notion that ecosystems are continually changing
and require continual learning, exploring more contextually based meanings of

entrepreneuriadcosystems is importa(®pigel 2017,p.50).

Many ecosystem models arged in recent years to define elements of entrepreneurial
ecosystemgbut there is still limited knowledgef assessing local ecosyste(@avallo

et al., 2020) Isenberg (2010) highlightculture, policies)eadership, finance, human
capital and marketas important elementsrhis model is designed around what
entrepreneurs view as importatam (2015) developetgn elements to measure the
entrepreneurial ecosystem outpulsit he also acknowledgehat contexispecific
measurements are crucidhe Wotd Economic Forum recently proposed eight pillars
(Markets,human capital, funding, support systems, Government regulagdasation

Major universities and cultural supppdf building a successful ecosystem (Pugh et al.,
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2019). All the above entrepreurial ecosystem models emphasise the need to

understandhe contextand placespecificcharacteristics of ecosystems.

As shown in Figure .3, by plotting ecosystem phases and synthesising this in the form
of links between ecosystem levels and factors, this th@sigides a summary of
possible factors for understanding conditions for disruptive ecosysba®sd on
different ecosystem model[®Rabelo and Bernus, 2015; Hwang and Horowitt, 2012;
Kaplan, 2012; Rong et al., 2015; Moore, 1988m, 2015; Pugh et al., 2019; Isenberg,
2010. At each stage, key factors are suggested wiapinfluence how ecosystems

are initiated, developed, managsdstained and die.

As shown in Figure 3.%ecosystemnitiation is based on trust, shared value, accepting
failure, tolerancegxperiments and new ideas.Ecosystemdevelopmentis based on
openness, coopetition, selfganisation, new markets, policies dancontracts.
Managements basedon shared resources, nichaes, interrelationships, governance
and data sharinddusiness sustainabilityjepends omreatingnew visions, resilienand
healthyties adapation and evoling relationdips The deathof ecsystemss created

by the migration and liquidatiorof ecosystenactors Thesefactors make ecosystems

complexbutmayalsocreate serendipity for disruption.

The question is howlesignmight influencea betterunderstanding othese factorgo

create an environmefdr innovation inthe local SME ecosystem
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Figure 3.5: Conceptualisingfactors for disruptive innovation ecosystems

3.6.4Rethinking role structures in ecosystems

Although ecosystem role strtures are sometimes naturally emergent rather than
prescribed(Dedehayir et al., 2@), there is a need to understand how the ecosystem
configurations may affectheact or 6 s r ol es i n Tb guwdathe SME
conceptualisation of role structures local SME ecosystemsthis sectiondiscuses

lansiti and Levien (2004) strategic roles, i.e. keystones, dominators, hub landlord and
niche Second, the thesgg/nthesisseand discusssdifferent rolestructuresto guide the
understanding ofnnovation ecosystenstructures Third, the section alsaliscusses
existing examples that bettir this role typology. This idea is important because it may

highlight how to reconfigure relations and strategies salSME ecosystems.

3.6.4.1Keystone role structure

A keystone player in the ecosystem structoceupies few positions ygirofoundly
influencesstability, health,and sharing of resourcd$ansiti and Levien, 2004)As
shown in Figure B, this thesisepreserd keystones as large nodes occupying a central
role and few positions, thus allowing other actors, e.g.-hartly developers and users
to come in and provide niche services by occupying o#ipaicesin the network.
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Therefore, this role may be key pmomoting disruptive ecosystems because power and
authority are dispersed across the ecosystem, thus allowing horizontal value creation.
Less dominance from keystone actors may allow entrepreneurial actors to experiment

and innovate through leveraging tkesystone resources.
Example- Keystonebased ecosystem

The growth of Amazon digital innovations is attributed to its disruptive innovation
ecosystem approadiisckia, 2009) Amazon resembles a keystone actor in its digital
retail ecosystem because it focsism creating opportunities for other actors to access
and leverage almost unlimited resour¢btazhelis et al., 2012; Gratacap and Isckia,
2013)without contributing to huge platforspecific investment§Zhu and Liu, 2018)
Therefore, Amazois a relevahexample of the need to sacrifice profit for growth by

creating valudor the entire ecosystem.
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Figure 3.6: Example of a visualised Keystondased ecosystem role structure

3.6.4.2Dominator role structure

Unlike akeystonerole, a dominator in the ecosystem occupies all vaheating and
extraction positionsAs shown in Figure 3, by plotting the dominator nodes all over
the network, this thesdemonstrates a simple way thataminators are distinguished
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from keystones through metrics of physical size. A dominating actor occupies all
positions indicated in large nodeBhis dominatedstructure may limit diversity and
niche creation from other acto(®edehayir et al., 2@). Consequently, dominators

may be terptedto extract most of the value, thus starving the entire ecosystem.
Example- Dominatorbased ecosystem

Unlike Amazon, Apple may be extracting more value from the ecosystem by
dominating most of its ecosystem structure. This behaviour is highlightethém o
studies as a dominating ro(®alkokari, 2015) Apple appears to be controlling the
ecosystem by inhabiting most of the vatreating nodesas visualised in Figure. 3

Distinct from the Amazon ecosystem, Apple has been consistettigtant to share

value with other actors, i.e. through licensing tipadty developers over the years
(Valkokari, 2015). However, the company recently started supportinggartg apps

(Zhu & Liu, 2018). Although Apple has managed to sustain its iatans and niche
market through its smartphone ecosystem and its incumbent services (Back, 2014), it
may be even more beneficial to open its ecosystem further to support and create value in

underserved markets.
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Figure 3.7: Example of a visualised Dominatotbased ecosystem role structure
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3.6.4.3Hub landlord role structure

Hub landlords invest in value extractiamly (lansiti and Levien2004) As shown in

Figure 38, by plotting all nodes connected to a big singtele but not each other, the

thesis demonstradehathub landlords occupg central positiorin the entire ecosystem

structure.lt is crucial for actors connected to this kind of ecosystem structure to see

their dependence and risks associated with Ausors holding hub positions are often

faced with temptations to exploit their central hub role for short term fareuse they

have access to everyone(lyee ktsak, 62006) Unliikeor mat i on
Dominators, hub landlords choose not to pgéte in the value creation, instead

eschews control of value extraction (Song, 2010).
Example- Hub landlordbased ecosystem

Uber mostly relies on other peopl eds automob
facilitate the sharing of assdtdbert et al., 2014; Smith, 2016AlthoughUber appears

as a keystone actor at first glance, previous research work done on the ecosystem
swggeststhat most of the value generated by drivers and customers go to Uber

(Bensinger, 2017; Berger et al., 201Byivers and riders are resenthfiUb er 6 s v al ue
extraction and its inability to improve their wdléing within the ecosysteRidester,

2018; Bensinger, 2017)Although Christensen et al. (2015) disqualify Uber as a

disruptive ecosystem, they poiott that UberSELECT is disrupting the traditional

limousine business by offering better pricesh®low-end limousine market.
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Figure 3.8: Example of a visualised Hub landlordbased ecosystem role structure

3.6.4.4Niche role structure

While keystones provide a platform for innovation and experimentation, niche actors
add value to the ecosystem byavating(lansiti and Levien, 2004)This idea was later
supported in(Rong et al., 2015)As shown in Figure .9, by plotting niche nodes
occupying positions in a keystone structure, this thesis demosstrateniche actors

have a meagre physical preserbut leverage keystone resources to createValyie
solutions. As discussed earlier, keystones rely on the presence of niche actors to remain
sustainable. Niche actors may develop disruptions through keystone Sigeoa and
Avasilcai, 2016)

Example- Niche-based ecosystem

Adidas and Siemens are forming sometrsigilarto a nichebased ecosystem to build

an intelligent manufacturing speed factory. The factory is intended to build the
ecosystem around custaing shoes faster than using conventiamathods (Lyman et

al., 2018). Adidas, as a keystone, is leveraging the specialized services of Siemens
within its ecosystem to transform their factory. By digitizing the factory, the ecosystem

may produce new technological innovations and customizatasterfthan ever before
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(Adidas, Siemens Partner in Digital Production, 2017). In the Adidas speed factory

ecosystem, Siemens occupies a niche position.
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Figure 3.9: Example of a visualised\iche-based ecosystem role structure

Given there-conceptuabation of ecosystem role structures and how this may influence
decisionmaking, further work is needed to explore how the role structure can influence
the understanding of local SME ecosystem®Botswanawhich this thesis seeks to

explorethrough design and visualisation methods

3.7Vi sual i sations as artefacts or
understanding ecosystems

This thesis refers to the simplified definition of visualisatiofEmans, 2011, p.24bas

thus;iThe act of <creating an i mage, di agram or
Using cedesign approaches to develop visual representations of ecosystems draws from

the tenets of constructionism, where knowledge is regarded as socially constructed by
actors (Mascolo and Fischer, 2008nd seen as a continuous construction of mental
representations of the real world that is and that could/sualisations function as
representations that promote und®eghhandi ng

et al., 2014) This approach has advantages because it enables actors to create and
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recreate mental images of their ecosystems as artefacts, then analyse them and discuss
possible future scenarid®adilla et al., 2018; Lurie and Mason, 2007; Burnaglet

2019; Evans, 2011Mental images of ecosystems may help redummaplexitiesby

acting as heuristics in understanding local ecosystem strudivirgs et al., 2019)

Sanders and Stappers (2014) posited #ntdfacts elicit discussionsmongst actors
because the phenomenon is visible to dbib s .eTheetacit knowledge is made

visible (Evans, 2010)

Designers use visualisations reveal insightand communicag experiencegLengler
and Eppler, 2007; Banissi, 2014)herefore, in this thesis, theesearchseeks to
leverage visualisation methods in a designerly way to scaffold meaningful dialogue and

interactions between SME ecosystem actors.

Next, data visualisation methods are explored to demonstrate differerdaaftes in
data exploration. This underpins the design visualisation approach necessary to develop
the understanding of local SME ecosystems, situating visualisations as an exploratory

methodto which this thesis seeks tontribute

3.7.1Visualisation methods

There are three fundamental intentions for data visualisatvbich portray data as
either explanatory, exploratory or an exhibiti@kirk, 2012) This thesis is more
inclined towards the visual exploratory function of data to promote discovery and new
insights (Krzywinski et al., 2012) In contrast to explanatory approaches, visual
exploratory techniques are about visual analysis than just the visual presentation of data.
Kirk (2012) summaries the value of exploratory visualisation as thus:

A Ex pl o olaions ainyto geate a tool, providing the user with an interface

to visually explore the data. Through thithey can seek out personal
discoveries, patterns, and relationships, thereby triggering and iterating
curiosities. It also opens up the posstlilfor chance or serendipitous findings
caused by forming different combi nat
p.35)

The above insights highlight the value of exploratory visualisations, which resonates
with the constructionist view to promote integfation andknowledge discoveryThis

view is important becausm-design tools may enhance the process of sensemaking and
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decision support in local innovation ecosystems. So, there is a vast array of data
visualisation techniques availab(Kirk, 2016), and each offers different affordances.
Since innovation ecosystems are made up of interconnected networks of actors, using
visualisation methods to study these actetworks may enhance the understanding of
local ecosystems. Visual network analysis teghes are usually adopted to make sense
of network structures by exploring retinal attributes, e.g. nodes, links, clusters, colour,
size, and positioriBorner et al., 2019; Venturini et al., 2015ome researchers from
interdisciplinary fields such as bidormatics (Zhou and Xia, 2018) engineering
(Koochaksaraei et al., 201 7gomputer sciencé_ong et al., 2017)sociology(Healy
and Moody, 2014)transportatioCheong and Si, 2019and more have shown how
important visual network interfaces are in anbing understanding anehanaging

complexsystems.

In genetic data visualisations, researchers reported that they favour the use of Sankey
layouts over pie charts and bar charts for exploring gene sequencdstaciihgkey
species(Platzer et al.2018) Pie and bar charts are mostly usable in explaining data
than exploration. However, it has been observed that analysing high volumes of data
may lead to more visual cluttering in Sankey layo(¥aurits, 2019) Parallel
coordinates are widely usedrfexploring multidimensional datZlfjou et al., 2018 as

shown in Figure3.1Q/A), although the methods experience visual cluttering with an
increase in data volumes. However, this approach is sometimes preferred for exploring
insights on the overall picte of clusters and outlie&hou et al., 2018; Healy and
Moody, 2014) Recently, biologists prefer the use of wadsed 3D visualisation tools

to make better sense of molecular interactidingey take advantage of interactive graph
features and multiple3 layouts to avoid visual cluttering and enhance discovery and
exploration(Zhou and Xia, 2018; 2019This is illustrated irFigure 3.10(B).3D tools

have affordances in rotating and zooming to explore finer details.

There has been a great deal of warkdeveloping forcalirected layoutswhich are
arguably the most used in visual network explorafidei et al., 2018; Jacomy et al.,
2014) These layouts are applied in exploring networksamplexbiological systems
(Heberle et al., 2017; Zhou and X@0)18; Ralf et al., 2016kensor networkéfrat et
al., 2010) space information network&Shaobo et al., 2018nd social media data
(Palmer and Udawatta, 2019However, this layout often lacks consistency for

comparative analysis. Chord layouts explibre hierarchies of nodes and t{@rner et
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al., 2016) but visual cluttering is also a challendeere when handling big data, as
shown in Figure 3.10(CXhord layouts were recently proved useful in mineralogy by
exploring pairwise occurrences and lacgtcoexisting speciegHazen et al., 2019)
However, due to the vast amount of links in a small space, this layout shows little
concrete path connecting single points (Koochaksaraei et al., 2017), so interactive

features helffilter connections and makeeasy to see ties.

Cluttering

Strong ties

Weak ties

Low degree
problems nodes
A. Parallel coordinates layout B. 3D layout C. Chord layout

Figure 3.10: Examples of some visualisation methods

Therefore, there are different affordances in these methods which cachbhedpterise
ecosystemsThere is little evidence ithe literature regarding the use of opsource
visualisation tools to support the understandingpoél SMEecosystemsWithin these
visualisation methods (and many othets)s thesis seeks to understahé methods
necessary tasupportSMEs. The thesis sks to contribute knowledge avhat type of
exploratory visualisation tools armiethodsmight be useful forunderstanding local

SME ecosysters.

38Concl usi ons

In section 3.2, the chapter discussed shared vaueckle social problems while
achieving great rfitability for entrepreneur<reating shared value was discusasti
enabling disruptive innovations in section 3.3, where new markets may be created by
providing offerings that may ultimately overtake existing markets. This idea may be
achieved by prading alternative solutions to unmet needs, underserved markets of a
fringe group of customersThis chapter identified gapm the innovation strategy
literature on how interdependent firms may enhance their capabilities to design

appropriate independeyet interdependent business model innovations.
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This chapter also discussed the usefulness of the ecosystem concept in explaining the
limitation of existing strategy literature, e.g. resodbesed viewand how resources
existing at the systefievel influ ence t he f i (sectidrs3.4cThepchapterl i t i es
al so discussed 6disruptive innovation ecosyst
capable of delivering disruptiofsection 3.5 Incumbent ecosystems find underserved
markets less attractive, ut giving room for SMEs to experiment with these unmet
needs of the bottom of the pyramid communities. This thesis seeks to contribute to
mainstream innovation and strategy research by exploring local ecodgstdm
capabilities required in SME ecosysteaml how actors might gain these capabilities to
understand and reshape their local ecosysteraugh design research.

The chapter discussed possible approaches that may complement the overarching goal
of enhancing the understanding of local Skttosysterain a developing economy. The
strength of weak ties was highlighted as key in exploring external resdsessn

3.5.7). To develop ecosystem design capability, mixing weak and strong ties within
ecosystems is key for ecosystem designers aoiidrrmakers. It isstill not clear from
previousliterature on how interconnected SMEs might leverage the concept of weak

ties to understand local SME ecosystems.

The thesialsodiscussed how desigaesearchmight fit within the envisioneg@rocess of
understanding innovation ecosystems.-dégign approaches are also discussed as
possible processes to develop local SMEs ecosystem design capafiligées was

little evidence inthe literature regarding the use of design visualisation appesato
support the understanding of local SME ecosystem structlifes.chapter also
discussed the possible benefits of using exploratory visualisation methedakling

SME ecosystem actors to explore and recreate mental models of local ecosystems
(secton 3.7). Theseideas underpin the design visualisation approach proposed in this
researchto which this thesis seeks to makenajorcontribution.
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4Met hodol ogy

The previous chapter presented findings from the literature review, which discussed the
key corcepts that underpin thigsearchThis chapter discusses the methodology and
rationaleof the thesisThis is achieved by discussing the philosophical worldview that
underpins this research, followed by the research approach, the conceptual lens,
researchquestions, case study selection and data collection techniques. Finally, data
analysis techniques, validity strategies, ethics and a summary of the methodologies are

discussed.

41Research philosophy

Research philosophy is a belief system about how knowlesigreated(Saunders,
2016) In order to rationalise the best position for the thesis, this section discusses i)

ontology, ii) epistemology and iii) axiologreswell, 2009; Saunders, 2009)

The ontological assumptions raise questions on beliefs amdsvabout reality
(Richards, 2003; Bryman, 2012; Saunders, 2016; Bell, 2019; Denscombe, 2010;
Tashakkori and Teddlie, 2010}t is critical to start the genesis of research by
establishing this position. Richards (2003) discusses ontology as the stbeyngf
Saunders (2009, 2016) posit that ontology is the nature of reality, and Bryman (2012)
introduces the concept of social ontolpgyhich is aboutunderstanihg reality from

social entities (Bell, 2019) The central question of whether social entisésuld be
viewed as having reality externat internalto the social actors has been extensively
discussedBryman, 2012; Saunders, 2009; Crotty, 1998; Bell, 20T8¢ ontological
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worldview can be discussed into objectivism and subjectivism or constructionism
(Saunders, 2016; Bell, 2019Dbjectivism implies thaentities’ social context and
meaning are independent of their social actors andclasely related to realism
(Saunders2016; Bryman, 2012)In contrast, subjectivism means that social reality is
created by [fSaungelrse20i$nlsa knbwn asncenstructivis(Alvesson,
2009; Bell, 2019)

The epistemological assumptions raise questions on how knowledge rigrated
(Richards, 2003; Bryman, 2012; Crotty, 1998} the best tools for research
(Denscombe, 2010)Epistemology isalso concerned with how valid knowledge is
constructeqRichards, 2003)and what can be known about somethihashakkori and
Teddlie, D10). This also depends on the kind of knowledge viewe#&nowledge is
basedon objectivity, the researchevill likely take the natural science approaches
(Bryman, 2012; 1989; Saunders, 2016; Dalcher, 2007; Crotty, 199Bgreas,if
knowledge is viewe@s subjective and unique, the author is likely to reject the natural
science approach and embrace the constructivist or subjectivist apgBrgoman,
1989; 2012; Crotty, 1998; Mason, 2002; Dalcher, 2007; Saunders, 2016)

Amid the ongoing debate on whicposition to settle for given positivism and
constructivism(Mkansi and Acheampong, 201)ragmatism suggesthat research
guestions are the most important in determining how research is con{fbatetiers,
2016; Denscombe, 201@nd in getting the deed resultgDalcher, 2007)Positivism

and objectivism posthe meaning of realities existing outside human consciousness and
out there waiting to be discoverd@rotty, 1998) Constructivism and interpretivism
emphasise exploring, understanding ancerprieting the social world phenomenon
(Mason, 2002; Bryman, 2012; Richards, 2003; Denscombe, 20h0ugh it is not a
watertight distinction between the two philosophies, it can be used as an initial

assumption to distinguish the two worldvie{@enscombg2010)

The interpretivist viewpoint implies that the subject matter of social sciemdesh
include studying peopl ei®wry much differensfrommthed t hei r i
naturatscientific way of viewing the worldgBryman, 2012; Saunderg016; Maxwell,
2013) Unli ke 1in the positivists epi stemol ogi c

influence is supposedly distant from the findings, in interpretivist position, investigators
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interpret meaning based on their participant's views and adetathed from findings,

but they largely influence the findings through their participation, perceptions and
values(Bryman, 2012; 1989; Crotty, 1998; Richards, 2003; Saunders,.ZH$ thesis
interpres the meanings of what others have about the wosttad of depending on the
theory as in research approaches guided by the philosophy of posi{@raswell,
2009; Richards, 2003; Crotty, 1998; Bryman, 2012; 1989)

Positivismis mostly intended to explore knowledge based on existing theory rather than
building theory(Crotty, 1998; Bryman, 2012 his thesis followeaonstructivismand
interpretivist epistemologyDenscombe, 2010; Creswell, 20kd)engage social actors

in constructing and interpretingnowledge. While scientific methods are useful in
conducting sociatelated studies, they are argualdygs effective in disentangling social
phenomengBryman, 2012; Crotty, 1998; Maxwell, 2013;&3well, 2009. This thesis
investigated the ecosystem phenomena from the constructivist position. This is because
innovation ecosystems are composed of interactions and interdependences of actors, and
in this thesis, network structureme regarded as stotures of ecosystems, giving
ecosystems form and function. This complex phenomenon is like what Manzini (2015)
referredtoa® cosmopol itan |l ocalism, 6 i.e. the s

are connected nodesvariousnetworks.

Axiological s sumpti ons raise questions on the
research procegSaunders, 2016; Leavy, 2014xiology questions how researchers
and participantodés values ar e(Sadragerd, 2009Wwi t h
Objectivists claim to detach their values and beliefs from the research process
(Saunders, 2016however, constructivists use their values and belidéscwell, 2013)

For example, a constructivist choosing theparson interviews as a technique of
gathering data mearthat he/she values personal interactions with respondents more

than using online surveySaunders, 2016)

To conclude this section, the ontological position of this thesis was informed by
people's knowledge and descriptions of how they understand twoair ihnovation
ecosystems. This ontological position grounded this present {lResiscombe, 2010).
The epistemological viewpoint alloweekploring the ontological properties through

interactions with ecosystem actors and listening to their construofiasiscourse
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(Mason, 2002; Saunders, 201@he axiological position used social interactions and
engagement with social actors to choose the research methods and techniques

(Saunders, 2009)iscussed in the next sections.

42Research approach

The philosophical position led to the use of a qualitative approach which reflected this
t hesi sobs met hodol ogi cal assumptions. Thi s t
ecosystems in Botswana and the UK. Amongst different research approaches, i.e.
guantitative, qalitative and mixed methodshe qualitative approach was adopted to
evoke inductive means of constructing data and interpreting meaning in social settings
(Saunders, 2016; Creswell, 2014; Dalcher, 2007; Bell, 2018; Silverman, .2016)
Researching local inmation ecosystems was regarded as an emengmayation and
strategy research figldacking a welestablished theorgRoundy et al., 2018)n such
instances where there iscanspicuoudack of theory, several researchers show that
gualitative methodsffer an opportunity to contribute tbeory generatioEisenhardt,

1989; Bell, 2019; Leavy, 2014; Creswell, 2014Jonsidering diverse viewpoints
associated with qualitative methods, this made the approach most suitable for exploring
interactions amongstctors such as firms, peomeadsectors The social actors within
innovation ecosystems held-depth knowledge abotiteir contextssuch asecosystem

views and experiences The knowledge was alsaugmentedthrough co-creation
activities with ecosystem actors and thesearcher's presengethe research process
(Creswell, 2009; Saunders, 2016)

The gqualitative methods provided a thick description of the phenomenon described by
Geertz~6os i nt e r(pracy R0OL3)wherenthesepap a corsmchous lack of

understanding in local SME ecosystems in Botswana. Quantitative methods are mostly

appliedto test relationships between variables or approve or disappristeng theory

(Maxwell, 2013; Creswell, 2014; Bell, 2018)hese methaogl were unsuitable for this

present thesis. The research valued the tacit and implicit knowledge and diversity of the
participants and t he researcher. The resear
transformational data collection methods adopted in thesent thesis were also

valuable to construct an-ohepth, rich knowledge about local SME ecosystems.
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43Case study design

To explore the local ecosystems, the significance of the context and the potential for
discovering new factors relevant to understandiogsystems, a case study design was
adopted for this thesisAlthough a case study desige mostly associatedwith
qualitative approads (Yin, 2012) they are also useful in testing theory through
quantitative approachgg&isenhardt, 1989; Yin, 2012What is key in this research is

not whether or not case studies are qualitative or quantitative, but a focus on a particular
setting to provide a rich and detailed account of what is happening there that is
important (Yin, 2012; Silverman, 2016; Denscomb&1P; Dalcher, 2007; Richards,
2003) This thesis sought to understand how the researcher and the participants in
different contexts perceived and interpreted the ecosystem phenomenon and how they
co-constructed the understanding of the cgBedl, 2019)

The case study was adopted over other qualitative desigriwdentain reasons. First,

it allowed exploringlocal SMEs ecosystem phenomenon in specific locations, i.e. both
in Botswana and the UK, thus generatingdepth knowledge about an unclear and
subtle phenomenon within its rdidk state(Denscombe, 2010; Yin, 20Q3Jhis design
seemed highly relevant to adopt for exploring cases with limited existing knowledge
(Yin 2012). Second, case studigsre importanto study contextual ecosystem factors
mechanisms and how these affect the understanding and shaping of local SME

innovation ecosystems.

An innovation ecosystem is an emerging phenomenon for crafting strategies in
developing economies (Mei et al., 2019), let alone in Botswana. Emmel (2&13)
emphasise the need to take advantage of contextual activities to altl®ptninquiry

into a phenomenon. Third, case studies are most suitable for exploring social

i nteractions and peopleds understanding
(2003), a set of research questions and the problem statement were established before
exploring case studies to guide the inquBgfore investigating a case, the formulation

of research questionsas intended to focus the research and filter the infoomati
necessary to be collectédin, 1994; 2009; 2003)

Other research designsuch as grounded theory and action reseavsdre not

considered. First, because the grounded theory design is normally adopted to develop
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metatheory from datano preconceiveddeas are adopteblefore research e.g., a
predetermined sampling proceéStrauss and Glaser, 196hlowever, this present
thesis aimed to develop an understanding of local innovation ecosystems by exploring
two contexts, i.e., the UK and Botswana, préisgnthe opportunity to compare an
industrialised and a developing economy. Therefore, a case study design seemed more
relevant than grounded theory to conduct a comparative understanding of two contexts.
Second, actiorresearch was not considered because of its intervening approach to
diagnose a problem and provide solutions through repeated cycles to effect positive
change in a particular context (Lorelei et al., 2008; McDonnell, 2016). This thesis
sought to understancther than change the local SME ecosystems. Hence, the case

study was the most suitable research design for this present thesis.

4.3.1Case studies selection

When selecting cases, researchers opting for a single case study are often tempted to
overstate dataand this may lead to inconclusive findin@éin, 1994) Yin (1994),
Emmel (2013), Creswell (2009), and others argue that while high risks do exist in
multiple case studies, they are reduced using @ass analysisThe target ofcase
selectionin qualitative research is at the achievement of depth in investigating a
phenomenon rather thdrealth of coveraggEmmel, 2013; Denscombe, 2010his
present thesislid not follow the tabula rasa grounded theory appro@thauss and
Glaser, 1967)instead, thestudy adoptedthe purposeful samplingpproachwhere
preconceptions abouhe phenomenavere made priorand the insights from the
literature were used tpreconceive research questiofismmel, 2013; Yin, 2003)
Huberman and Miles (2002) also show thabipconceptualisation can shape the initial

design of theorpuilding research.

Amongst the typology of case studies discussed in Yin (2003), a-cas#i study
seemed suitable because it allowed the researcher to compare the local innovation
ecosystem c®s in the UK and Botswana. Cases selected in both the UK and Botswana
presented the opportunity to explore the existing local SME ecosystems in these
contexts.A similar data protocol is used in a medtise approacto collect data from

the case settinggyin, 2003) The study followed a theoretical replication strategy
where the multiple cases selected were expected to give contrasting results but for

anticipatable reasongrin, 2009; 2003) e.g. due to contextual differences, size of
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ecosystems and défent settings. The purpose of this case selection was not to sample a
part of the entire population but to carry out ard@pth investigation of a unique
ecosystem phenomen@Denscombe, 2010), ocging in a bounded context (Miles and
Huberman, 1994; @swell, 1994)In multi-case scenarios, there are no strident rules in
the number of cases to be used to satisfy replication strategy becausesasasdtare not
meant to emphasize logic used in survey meth¥ds, 2003) Therefore, theoretical
replication allowed the researcher to identify patterns in the data and make constant

follow-ups to develop the data based on the identified patterns.

4.3.2Data collection methods

The choice of research methods was influenced by thelioueded study, which was
scheduld to be completed within a period of three years. Another factor was the type of
data collected guided by the research aim and research questions. Appendix 2 shows the
multiple methods adopted to explore the local innovation ecosystem in an accessible,
appopriate and quick way to provide adequate data for the study. Several scholars
emphasise the need to use multiple data collection methods in a case study approach to
generate rich dat@Denscombe, 2010; Silverman, 2000; Saunders, 2016; Yin, 2012;
Maxwell, 2013; Creswell, 2014; Silverman, 2018Ylaxwell (2013) elucidate the

former view by noting that mixing research techniques brings complementarity in all

aspects of the studied phenomena

Based on the axiological position that guided this methodology, personal interactions
were valued when constructing data than virtual interactions or quantitative methods
(Saunders, 2016Femistructured interviews and visualisation activities were dane o
sitethrough collaborations witparticipants Before the interviews, the researcher made
visits to the participast @&orkplaces to forge relationships with thefrhis approach

was preferred to allow the participants to feel comfortable around the aleseand

share their experiences and perceptions during data constrii@teswell, 2014.

In this thesis, senmstructured interviews, workshops and visualisatEchnique were

the main data collection methods. Websites and documents about the settings were also
used to supplement the data. Using interviews and workshops was preferred for several
reasons. First, because these approaches generate rich data about thevpsrapdct

lived experiences of the actorsaninteractive mannefMaxwell, 2013; Mason, 2002)
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much more transformational, as opposed to observatidh&éd approach was key to
understand how actors views and valirdkiencelocal ecosystes Second, usig in-
person interviews and workshofmlowed a dialogic exchange between the researcher
and participants (Brinkmann, 2018) to bring out relevant data to answer the research
guestions. Specifically, serstructured interviews allowed the researcher to aise
preconceived guide with open questions dedelop ideas during conversationgh
participants (Saunders, 2012). Third, to generate relational data on local ecosystems, the
researcher also used a mapping tool shown in appendix 5 during -fferson
int erviews to visualise SME ecosystem structur
This approach allowed the researcher to capture more rich details on the relational data
and how the participants judged their strength of connections with stakeholdetbgee.g

reciprocity of services (Granovetter, 1973).

There are also many limitations to using interviews and workshops. One is that these
met hods include biased responses due to the
This was addressed by allowing feipants enough time to discuss amongst
themselves, i.e. during the workshparts without the interference of the researcher.
Some respondents were not articulate enough to provide relevant data, especially during
interviews, this was countered by usitng visualisation toglwhere feasible. Maxwell
(2013) explains that using additional sources such as field notes, mapping tools, and
documents enable the study to draw inferences about the information captured from
interviews and workshops, thus reduchbigses. Therefore, this thesis used website data
and field notes to supplement visualisation, workshop and interview data on
ecosystems. These data collection methods allowed therstruction of data between

the researcher and participants rather th#st collecting data stored somewhere
(Mason, 2002)thus reaffirming the exploratory nature of this thesis.

4.3.3Conceptual lens

As suggested by Yin (2003), formulating research questions and a theoretical
framework before exploring case studies was usefguiding the inquiry. The thesis
started with a review of the literature to develop the aim, research quesiths
conceptual framework that contributed to understan@NhtE ecosystems. Figure. 4
shows a conceptual lens synthesised from existing inmovacosystem literature.

Although several studies have attempted to explore how ecosystems are formed and
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evolve (Adner, 2017b; Dedehayir and Seppanen, 2015; Ozgur and Marko, 2015; lansiti
and Levien, 2004; Rabelo and Bernus, 2015; Kaplan, 2012; Rong 20&b; Moore,

1993) there is a need as discussed in chapter 1 to 3 to understand how the contextual
factors influence thenderstandingf local SME ecosystems. Also, it was important to
explorehow actors might gaidesigncapabilities to understand caneshape local SME

innovation ecosystems.

The ecosystem design conceptual lens shown in Figlireighlights important stages

and factors in the innovation ecosystem process that may influence how manufacturing
SMEs understand local ecosystenidis lenswas used as a guide to focus thesis
(Huberman and Miles, 2002; Yin, 2003).

Health
new visions ) _
resilient Mlg.ratm_)n
Adaptation Liquidation

Openness Evolution
coopetition
self organisation
markets
policies
contracts

Develop ' ‘

Resurrection
re-start ties

Trust
shared value

accept failure : =3 - Niche ideas
tolerance shared resources
emergence interrelationships

experiments Governance

Data

Figure 4.1: Ecosystem design conceptual lens

4.3.4Research phases
As shown in Figure 2, the exploratory study was divided into four phases within a

multi-case study design.

Phase 1: UnderstandingThis phasevas about reviewing and und&nding the status
of SME support in Botswan@hapter 2 In chapter 3, the thesis focusedrermiewing

the literature around creating shared value, disruptive innovation, innovation
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ecosystemsgdesign researchgo-design and visualisation approachese Therature
review identified gaps in entrepreneurialand innovationecosystem literature and

formulaked the research questions to address these gaps. As emphasised by Yin (1994,

p.28)it heory devel opment prior to the collecti
step in doi nTye fadlavingressatchyuestiens were developed to focus
thethess:

1. Whatis aninnovation ecosystem, and how does this fit within the manufacturing
SME environment in Botswana in terms of contributing sticioceconomic
development?

2. In what ways might local manufacturing ecosystems in SME environments be
supported to @ate shared value?

3. How might insights from decisiemakers in innovation ecosystems in the UK
be augmented to support the understanding of manufacturing SME ecosystems
in Botswana?

4. How might ecosystem design and visualisation approaches support and enhance
the understanding of local SME ecosystem structures in Botswana?

5. Where could the design visualisation approach be improved to enhance the
understanding of locahanufacturing SMEcosystems?

Phase 2: Tools development and UK study
This phase was made optwo exploratorystudies
1. Pilot Project and Tools Development

The first phase of the exploratory case studies was to test the data collection techniques
with three ecosystesin the UK, i.e. the artisthe FabLab anthe 3D printing bureau
ecosystems. The focus was on 3D printing technehl@gedcasesto explore how
disruptive technologs shape different ecosystems in the UK and how these insights
may augment the understanding of manufacturing SME ecosysteBotswana.The

early findings from the pilostudycontributed to the relesign of the research approach

to studymakerspaceas ecosystems
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2. Makerspaces as localised ecosystems

This research shifted to exploring makerspaces as localised manufaewoBygtems

for the following reasonslt was revealed thahe ecosystem around manufacturing
SMEsis important than the technology of 3D printing itself. The major shift was from
focusing only on 3D printing as a disruptive technology to exploring hesethools

and makerspacesfluence and shape local SME innovation ecosystémis. research
focused on exploring how makerspaces as local ecosystems are structured in the UK.

Findings from the makerspaoeere used to compare with incubations in Botswana.
Phase 3: Main case study
1. Incubators as localised ecosystems

This case studyexplored manufacturing SME incubators as local ecosystems in
Botswana. The case used-parson interviews and exploratory visualisations with
manufacturing SMEs and incubatmanagers. Findings from this phase were used to
compare with the UK local ecosystems. This case study proposed a framework for

understanding the local SME ecosystem in Botswana.
Phase 4: Evaluation

This phase had two exploratory-design and evaluation adties. The evaluation
addressed the question of how design and visualisation approaches might support the

understanding ahelocal SME ecosystem.
1. In-person cedesign workshops

The first evaluation work had three-person cedesign workshops held in Bawana.
These cedesign workshops used the framework developed in phase 3 to evaluate the

understanding of local manufacturing SME ecosystems.
2. Virtual co-design workshops

Due to the COVIB19 pandemic, the second evaluation work was transformed into a
virtual cadesign workshop and conducted at the Design Research Society virtual
conference. This virtual workshop focused on evaluating the framework with a group

of design researchers.
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The evaluation feedback from theperson and virtual workshopsagusedto improve
the Jigsaw design framewoiliscussed in Chaptef) to address the last research

guestion on where the design visualisation approach might be improved to aid SME
ecosystem actors in making sense of local ecosystems.
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Figure 4.2: Research phases
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4.3.5Research Cases

This sectiondiscusses the research conducted in two countries, i.e. Botswana and the

UK, and the rationale for selecting the units of analysis.

4.3.5.1The rationale

Selecting cases is important in determining the quality of the overall research (Creswell,
2014). For this thesis, it was significantgelectbased on informatierich cases (Yin,

2009). All cases were selected for a specific purpose (Kvale, Htibbaed on a

theoretical replication approach to allow the researcher to identify patterns in the data
and adjustthe research design (Yin, 2009). The case study aimed to explore how
decisionmakers in ecosystem cases in the UK and Botswana understood their
eosystem and how this might be augmented and extended to benefit manufacturing

SMESs in Botswana.

Pilot and tools development

As argued by others (Kitzinger and Barbour, 1999), piloting the research design and
methodsis essential to provide the researcivith a clear focus m the research and
develop the data collection instruments. The UK cases were selected for several reasons.
First, they adoptedanodern technology, e.g. 3D printing, to transform the manufacturing
industry(Hague et al., 2016; Hauser,120). Secondall the cases were distinct yet using
similar technologies, thus prioing an opportunity to compare and document a process

of understanding the influence of disruptive technologies, e.g. 3D printing in different
ecosystem contexts. Third, thleree cases were in the Northwest of England, hence
accessible and feasible to carry ouparson inquiries since the researcher was based in
Lancaster. Finally, looking at the odd number of cases provided the opportunity to

explore an outlier within thee distinct ecosystem categories to learn something new.

The study selected cases based on three distinct categories; i) the AttistFgbLab

and iii) the 3D printing bureguwvhich formed embedded units within the mualgise
study design. Ththesis was interested 8D printing technology, i.e. the ceramic artist
using 3D printersthe FabLab, where SMEs used 3D printers for developing and testing
prototypesandthe 3D printng bureau service using 3D printers to service custoriters
was important to select key decisiorakers inthese settingdParticipants includethe

ceramic artist, thé-abLab directoranda 3D printing bureau serviadirector. These
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high-profile informants were expected to provide rich information about their

understanding of ecosystems where they are embedded.

Makerspaces as localised ecosystems

Based on thdJK pilot study findings the thesis shifted the focus to exploring local
SME ecosystems, thus selecting three makerspaces in the UK to undénsialotal
ecosystem structurefuring the pilot project, the study found thaithin the three
ecosystem cases, the FabLab ecosystem was the most appropriate case to compare to
Botswana SME incubators since the main aim of the thesis was to enhance the
understanding of local SME ecosystems in Botswana. The Fablab ecosystem case had
more potential to create shared value than in other cases. Thereforesdiaech
focused on exploringnakerspaces as local SME innovation ecosystems because
makerspaces are associated with less poofinted approaches and more community
focused program¢Bedford and Detsch, 2018T.he makerspace case explored how
directors ahigh-profile informants undrstand and shape local ecosystems and how this
might be augmented and extended to benefit the understanding of manufacturing SME
ecosystems in Botswana. Further details on the rationale of selecting cases is provided

in chapter 6 of this thesis.

Incubatos as localised ecosystems

The third phase of the study was conducted in Botswana as the main focus of this
present thesis. The project used a case study with multiple embedded units, just like in

the UK to clarify the context and the phenomena of SMEsgstems across different

contexts. The study selected four incubation spaces (13 SMEs and two incubation
managers) and five SMEs located outside incubators as units of analysis to compare
with makerspaces in the UK. The selection of these cases was nsmdkedraseveral
reasons. First, the cases were part of Bot sv
promoing manufacturing SMEs towards economic diversification, as discussed in
chapter 2. Second, these four incubators are also paBotsivanag over nment 0 s
strategic plans to promotke entrepreneuriacosystem. Third, incubation spaces were

treated as innovation ecosystems because the Government uses these spaces to assist
SMEs and staip businesses through incubation programs and entrepreneurial
initiatives (BIH, 2020; LEA, 2020), thus making this case study important to explore.

Forth, manufacturing SMEs located outside incubators were also selected to explore
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their understanding of local ecosystems and to compare with those located inside
incubators Further details on the rationale for selecting Botswana cases is provided in

chapter 7.

Evaluation
In-person workshops

Regardingevaluatingthe framework developed in the exploratory case studissries
of in-personco-design workshops were developékhis approach was preferred to
assemble key actors in the local SME ecosystem to explore their understanding of SME

ecosystem structures

In this phase, the first evaluati@udyinvolved three ifperson cedesign workshops

held in Botswana. In line with the Government priority areas, the research organised the
first workshop with the leather incubatorvolved in developing the framework in

phase 3 The second workshop had 65 padi pant s from Lancas
Recirculate projectand te final workshop was conducted with 20 entrepreneurs from
Botswana Innovation HubTherefore, these participants were all relevant and

appropriate to evaluate the ecosystem design framewopoged in this thesis.

Based on the workshop design presented in appendix 13, 4herson workshop
activities were arranged in thrg@arts The firstpart of the cedesign activity was an
icebreakerwhere participants were expected to visualise thasitipn in the innovation
ecosystem and introduce themselwesng a tool shown in Figure.3! This was
important to help deal with frozen relations and allow participants to start conversations

based on trust and opennégserma and Anand Pathak, 2011)

MY INNOVATION NETWORK

ﬁ

Figure 4.3: Icebreaking tool
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The secondpart was for individual cedesign activities, Wwere participants from
different entities visualised their local ecosystems and then stieexvith others for
review. The thirdpart was about bringing different actors together to explore their
connections, design and review new connections as ansel@@cosysteni.hesewere
important to help participants link existing possibilities of the present thétiuture
state of local ecosystems. When participants finkpresent state of ecosystems with

the future, it becomes possible to p&acourse of ation (Metzker et al., 2006)

To evaluate the framework developed in phase 3, three worksintgwvere arranged in
consecutive order, such that the fipsirt outputs linked into the nextart activities to
form a coherent meaning of the ecosystem dqgsigoess. This aided participants to use
the learnings from the firgbart outputs as prompts to design the understanding of

ecosystems in the subsequpatts

In order to facilitate engagements, the thesis developed a mapping tool based on the
framework for understanding ecosystems, as shown in Figute The mapping tool

was intended to simplify the operationalisation of the proposed framework shown in
appendix 10. To ensure that the tool was appropriate fostimdy, the researcher
conducted a preed assessmentf its functionality. This was done through a focus
group of design researchers with vast experience developing and usiegigo tools

at Imagination Lancaster research centre. Based on the feedback received, the tool was
re-designed beforaise in these workshops. Visualisation outputs generated at the
workshops were used as objects for deqigamenopoulos and Alexiou, 2018)
enabledialogue andinderstandiocal innovation ecosystems.
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Explore opportunities and share the output with the group.

Figure 4.4: The innovation ecosystem design tool

Virtual workshop

The virtual workshogevaluatedhe ecosystem design framework with a separate set of
participantsinstead ofactors connected tthe manufacturing SME ecosystein
Botswana. Thisapproachwas important to explorthe frameworkuseability to other
ecosystentontextsto enhancets validity. This workshopaimed to explore how design
researchers might use the Jigsaw framewdr&cussed in Chapter 70 enhance the
understanding of their research ecosystems. Due to the CQVlIDbutbreak, it was
impossible to run iperson workshops as scheduled in August 2020. Whrkshop

was initially planned tdhappenat the Design Research SocigB020 conference in
Brisbane, Ausalia. The workshopvas scheduled to take up to 105 minutes. However,

this had to be relesigned into a 60 minutes virtual workshop following the new Design
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Research Society2020 online conference requirement§o effectively deliver an
online cedesignworkshop the thesis relesigred the inperson plan into a virtual

onlineplan.

Planning onlineactivities

Changingtime allocated to a virtuactivity affected the workshop design from the
initial threein-person workshopsAlthough the change ithe workshop duration was a
conference requirement, vitas alsaway to reduce information overload as the
workshop was part of a futlay virtual conferenc&he MIRO whiteboard platformwvas
selectedto supporthe online workshopfor several reasons. Firshecauseother
professional designers and researchers widely uskdliitg the conference to exchange
knowledge with participantdt seemed to be an apprate choice to support this
workshop becauseof prior knowledge about itSecond, the tool did not require
advanced skills to operate, such as learning dmaal skills like coding. Third, it
allowed participants to work and chat on the same whiteboamhtime. The Design
Research Society 2020 conference also provided the Micrdsafins platform for

communication through videotelephony.

Regarding thécebreaker(see Fig 4) used to introduce the concept of ecosystems

during inperson workshopshis wasplannednto avirtual activity, where participants

were expected to pick any object, or O6thingo
about that in 10 seconds, and nominate another participant to do the same to find
connections between thesehysically distant thingsThese activities also

aimedto encouraggeople to talk, move them around and provide fun at the beginning

of the virtual workshop.

Designing interactive resources

Unlike in-person workshopshere the planning of design activgievolved procuring
well-established tools, e.g. sticky notes, whiteboards, printed canvases, in virtual
workshop planning, much time wasvestedin honing virtual design spaces. This was
done to lessen the difficulgf using virtual whiteboards amdake participants with low
digital literacy less worried about learning new skills duringlesign interactionsThe
workshophad to break down the frawork into differenspaces to help participants
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make sense of ecosystem activitidhe workshop was limited to four design spaces,

with customised icons and tools to ease thdeasign activities.

The thesisdesigned a table with fifteen spaces for ipgrants to fill in their criteria
including five boxes to agree on five main criteria and fill in the boResticipants
actions were to click and type in spaces provided, as shown in Figurédtivity-2
was designeth the form of a virtual notepadndagain the participants only needed to
click andtype in their key contacts. Activi was the main mapping tool space, and
this providedparticipantsvith node icons to copy and paste on c¢bealesigntool,
connection line tools to connect nodag] a text tool on the left to type in their labels.
They also had an option to use sticky notes to add reviestwity-4 was the
evaluation of the toolThe thesisuseda combination of questions, node icons, boxes
and emojidhecausearticipants were mincfamiliar withthesefrom the realm of social
media,it was more relevant to use them. Particisaattions were to copy their node

icons and paste them their preferred boxes to answer the questions.
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Figure 4.5: Virtual workshop design spaces
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4.3.6Data collection

In order to increase the reliability of data generated from the fieldthiémsused
multiple data collection methogas described in section 4.3.2. This approach also acted
to triangulatedatato confirm thestudy's validiy (Yin, 2003). Thisresearchused the
following data collection methods; i) seistructured interviews, ii) visualisations, iii)
websites and documes iv) evaluation workshops.

Semistructured interviews

Although there are thremaintypes of interviews, i.e. i) structured, ii) sestiuctured,

iii) unstructured, senstructured interviews were preferred because they are widely
adopted for collectig data in qualitative inquirie€Simon and Fin, 2013) and other
reasons described in section 4.3&ring phase2 and 3, the main data was elicited
through semstructured interviewswhich involved three stages, i.e. pngerviews,
during interviews ad postinterview activities Beforeconducting interviews, thénesis
developed opeended questions based on the conceptual lens and research questions.
The interview protocol guided the researcho remain in control of the interview
procesgGani et &, 2020) Then the researehconducted a test run on the interview
protocol with a colleague to check if the questions made gdaseb and Furgerson,
2012) The research instrument was made up of epeied questions of a semi
structured interview toll@w the participants to have the freedom and a high level of
flexibility to speak about anythinglevantto the subjecfsee appendix 4)

On the interview dayhe researcher visited the participants at their settings at least an
hour before the start of the interview. This allowed time for informal cad$o tour

the settingto allow theparticipants to relaxThe participants werallowedto decide
where to arry out the interviews, antieyall preferred theiguietoffice spaces. At the
start of the interview the researcher explained the purpose of the study using the
participant information sheet shown in appendix e researcher also reiterated the
confidentiality of the data being sought and the rights of the participants before they

signed the consent form

In most cases, participants gave the researcher permission to audio record the
interviews however, there were instancedese some participantid not want to be
recorded. Therefore, in such instanc® researcher made field notg3uest et al.,

2012) and used the visualisation tool to capture the data. Most interviews took 60
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minutes to completd-urther information on the interview protodol phase 2 and 3 is
found in Appendix 4.

In the postinterview stage, all the data from phaeand 3 were transcribed verbatim.
The interview transcripts were shared with the participants, and clarifications were
sought through email correspondences.

Visualisations

As shown in Figure 8, using a mapping tool adapted from the position generator

technique(Lin et al., 2001) the thesiscapture participants' view on the strength of

connections with partners terms of reciprocity of resourcebhe visualisation activity

was also done during the interview sessidiee position generator was used to explore

the characteristics of the participantés ties
groups (Maness, 2017) This is important to expand ecosystem diversity and

information. Where it was not possible taptureactors' positioaduring the interview,

the researcher used additional sources, e.g. webgitegarch for ecosystem acidrs

relationshipsAn example of how the to@las used is shown in appendix 5.

The benefits of this approach were in tfedds. First, it generated a graphical
representation of data which improved understanding and communication of
participants experiences about the ecasysstructures. Second, the tool also helped
participants recall the forgotten relationships between afitorset al., 2001) The co
designed visualisation data was later transformed into @sigelatasets for further
analysis using opesource visualiggon methods. The case study datasets can be found
online (Nthubu, 2020c)These datasets can be loaded into various network visualisation

tools for analysis.
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Figure 4.6: A mapping tool
Desk research

The researcher used websites for additional data to supplement the interviews and
visualisation data in phases 2 andlBis data included more information on relational
data which was not mentioned during the interviews or not captured through the
ecosystemmapping. During the site visits, the researcher collected printed pamphlets
and flyers with key information about the cases. Although documents and website data
were available to the public, and the researcher did not require permission, participants
wereinformed about this during the interview, and they granted the consent for the data
to be used in the thesis and as part of reporting results in other platfemgns

conferences and jourrsal
Workshops

The type of data collected from the-design workshps is as follows. First, all the
presentations done by participants during workshops waedéo recorded.This was
important to capture the exact words and expressions used by particieotsd, the
researcher also took pictures of visualisation mogedduced during the workshop for
further analysis and reporting. Third, the researcb#ected notes on reflections made
about the use of the tools. Forth, in all workshparts the researcher collected
evaluation feedback using the form in appendix 12.
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Regardinghe virtual workshopthe virtual design spaces shown in Figur® ¢aptured
all design activities done by participants, i.e. visualisations and comments for further
analysis. Also, discussions and ideas shared by participants were captuted by

researcher as notes duringassign activities.

4.3.7 Data analysis

Since the project generated two main types of data, i.e. transcripts and visualisations,
the thematic analysis method was used to analyse transcripts and field notes, and then
visual network analysis techniques were used to explore datiseissights In the

following sections, the thesis discusses the two analysis techmgdetsil
Thematic analysis

There is no agreed definition of a theme, as emphasis@frann and Clarke2016)
meaning that how researchers conceptualise and arrive at themes vary. However, this
project foll owed the conceptualisation
Clarke and other qualitative researchers. In Braun and Clarke (2016), the
conceptalisation of an organic theme is like baking a ceistead ofthe discovery of
diamonds. Like baking a cake, thesearchused a thematic method to make sense of
voluminous and complex daf&€reswell, 2014)thus requiring the researcher to engage
deeply in an iterative thematic analysis process, i.e. systematic, repetitive, and recursive,
much earlier in the data collection cycle.

Choosing the thematic analysis methods over other forms of analysis in a qualitative
study, e.g. discourse analysis and narrative andBsiain and Clarke, 2016)as done
based on several reasoR#st, it allowed the researcher to explore richness defath

in the qualitative data by revealing patterns through organising, interpreting and
reporting emerging themes.Second, themati@analysis was useful for exploring
different perspectives from participants and summing up important features of large
guditative data (Nowell et al., 2017). Third, the thematic analysis provides a flexible
approactthatcan be modified to suit many research settings.

This thesisreferred toMiles and Huberman (1994) principal proposition for data

analysis which combined ¢huse of reduction strategy, visual techniques, pattern
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identification, conclusions drawing and verification to ease the analysis of complex

ecosystem dat@Figure 47).
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Qualitative data J
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\A
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J

Data presentation

- - - e
Findings &

discussion

Figure 4.7: The data analysis iteative process (redrawn from Miles and
Huberman, 1994)

The data was interpretively and reflexively read to get the meaning of a phenomenon
(Mason, 2002) The audio data from the field study were transcribed verbatim
immediately after data collection andegroded to generate initial codes as part of the
reduction strategy. The coding process is defined as assigning a label to chunks of data
(Creswell, 2014)thus aiding data reduction by breaking down large chunks of data into
smaller bits. As shown in Figa 48, although the research mostly used an inductive
approach to data analysis by open coding, thdomen codes fronthe conceptual
frameworkon pageb9 were also used in the analysis as anchor codes and initial codes.
These combinations of data amgory-driven codes formed part of the coding structure
used in this researchds thematic anal ysi

anchor codes with descriptions are shown in Appendix 7.
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Sources of codes

|

Data driven Theory driven

Derived from data Actual terms used Derived from
by the researcher by participants - existing theory
‘in vivo' codes and literature -

‘a priori’ codes

Figure 4.8: Sources of codes (Saunders, 2016)

Following the iterative data analysis process shown in hidden d@taisre 47) and
thematic analysis structur@ppendix §, pre-codinginvolved a repeated reading of
transcripts and bhlighting of interesting ideas before formal coding was conducted to
reduce the volume of data and get a holistic view of ideas across transcripts. The
transcripts were then loaded into NVivo 12 software for coding. Open coding was
conducted for each sptito allow new codes to emerge from the data, i.e. the researcher
read the scripts line by line to make sense of data and identify initial ridiedsd to

initial codes or new ideas emerging from the d&teeswell, 2009)Since the study was
investigatng partici pantdés innovation ecosystems, t
capture participants emotions, value coding to capture attitudes, beliefs and
uncertainties, themes to describe the meaning of an aspect of data and evaluation coding

to capture th perception about ecosystems.

In conducting the thematic analysis, for each case transcript loaded in NVivo 12, the
data file was read individually, noting interesting items within the text and cutting and
dragging chunks of data into relevant node doets, i.e. initial codes or new codes,

and assigning labels that capture what is interesting or emerging from the data through
open coding. Theoding processvas coupled with taking notes of thoughts about the
codes using memdgigure 49). The labels wre created as nodes in NVivo 12 or code
containers where each relevant chunk of data was dragged and dropped. Fgure 4
shows an excerpt of how the code, clusters and themes were hierarchically linked during

the pilot study data analysis.
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Figure 4.9: Example of a hierarchical structure of themes, clusters and codes

created in NVivo 12 during the pilot project in phase 2.

After coding, an assessment of the characteristics of each code was done to determine
the dominant codes. The next step was the categorisation of codes into clusters. The
thesisusedthe cluster analysis function in NVivo 12 to cluster codes in terms of word
and node similarityFigure 4.10) Visualising codes in graphical layouts madeasy to

locate similarities by observing the code cluster patterns formed. However, additional
manual clustering of code was done by going through the code references and reading
through the interview statements to check if the tefiectedsimilarity in terms of
meaning to other codes. Some codes were moved to other clusters or renamed. Pattern
coding is suggested as a quick way to make sense of relationships between codes (Miles
and Huberman, 2012). Clusters were labelled with a geneme na reflect the codes.

The labelling process was done in alignment with the research questions, as suggested
by Braun and Clarke (2016 he authors highlighthat pattern identification nesdo

be in line with research questions to test the phenomeder unquiry.To reduce the
number of categoriegCreswell, 2009) the research summengh clusters into main

themes to draw up conclusions.
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Figure 4.10: Example taken from the pilot study analysis : Clusteing codes by
similarity analysis in NVivo 12
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In line with Miles and Huberman (2012), data was displayed in the form of tables
showing main themes, subthemes and key questions representing an assembly of
information that is logically explainable and conatuns drawn from it. This idea was
important because gummarisedhow ecosystem actors thought about their ecosystems,
what was common amongst them and where they contrasted. Therefore, data display
made voluminous data manageable and explaing@ieswel] 2014) The book of

codes was developed throughout the coding process to explain the meaning of each
code. An excerpt from the book of codes from the pilot study is shown in Table 1
below. This schemguidedthe second coder to establish iatater relidility (Braun

and Clarke, 2016)Since generating themes was an iterative process throughout the
project, tables of code descriptions for each transcript were developed to communicate

the distinction between findings from each participant meaningfullyaancally.

Table 1: An example of the definition of themes and codes from the pilot study

book of codes

Themes & codes  Description Typical reference Participants

-
S

Initiate This theme explores

how actors initiate

ecosystems
3. Enabling The actor expresses @ mean we have lost a really large 3D printing
trust the significance of customer to xx [referring to a 3D bureau
trust in DOET OET ¢ | AT OEAADOD
interrelations but that made life difficult for a little while
also expresses but then you know we have been able to
uncertainties find new customers, but there is nothing

stopping that happening again you
know, we are running on trust you know,

which is very difficult sometimesd
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Building The actor O7AT 1860 xA1T & OI A  FabLab
collaborations highlights the we are not experts in all, we are

need to engage experts in our small part of it, but we

other actors in work within an ecosystem of experts

the ecosystem, to in all different perspectives,

develop more 8011 AGEI AO EOGBO A
collective the right expertise to assis
capability. Also

expresses

challenges of
identifying key

roles
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Managing The actor O4EAU ¢ OAEAOET ¢ (€  Artist
AAOT 008 highlights how responsible for choosing whichairs

roles are shared to attend, which curators, which

in their relations. museums to speak to, which private

However, he also collectors to speak to when | bmg

expresses the out some new work, when | have an

downside of not exhibition, they put together the list

handling some of of invitees to private views, you

the rolesbecause ET 1T x 80

of the relational

contracts.
Sustain This theme

explores how

actors

understand

ecosystem

health, and how

they create it
Enabling the The actor O0) AAAl 1 EEA ownandA 3D
health of expresses an its almost like trending in waters a lot printing
ecosystem unhealthy of the time, so the investors are keen bureau
relations climate in their to see return on investment, the

relations with
other actors who
are all trying to
get more out of
the value created
in the ecosystem.
Also lack clarity
of how and when
these aspects
will be

improved.

resellers and manufacturers want to
make a good profit, and we are just
OOUET ¢ O 01 O0¢CcEO
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This thesis also used a matrix table to organise main themes, subthemes and questions
to show the relationship between ecosystem design concepts, how the participants
interpreted their ecosystem in terms of subthemes, i.e. factors influencing how
ecosysters are shaped in each level of the innovation ecosystem structure. Organising
and displaying information using the matrix and tables display data for easy
understanding makes concluding the findings much easier. In the last step of the
iterative procesgFigure 47), the thesis made sense of the data display in relation to
understandingthe innovation ecosystem. Data display was done in line with
recommendations from Miles and Huberman (2012). The presentation of results was
displayed in a graphical framewgrshowing the levels and factors affecting the

understanding and shape of ecosystems under study.

In order to establish the rigour in a thematic process, few things were done. First, the
transcripts from semrrstructured interviews were verified by therfi@pants before the

coding was done. This verificatimnsuredthat the data was a true reflection of what

the participant wanted to communicate. Second, the researcher engaged a colleague to
code the data following the book of codes generated fromirgtedding process. This
process was important to provide rigour in the quality of codshjce the level of
negative bias on the interpretation of the data, and increase the trustworthittess of
thematic results. At the end of the coding process,lesions were drawn from the
thematic findings. Next, the thesis discusses the visual analysis techniques and related

theoriesused to characterise SME ecosystems
Visual network analysis

Visual network analysis was used to explore hard to understand &rosgributes

such as node hierarchies, clusters, bridges, structural holes, tie size and role structure.

Since the thesis was studying the understandirtbedbcal ecosystem, these attributes

were key factors that influenced the level of he t or 6 s under st andi ng. F
ecosystem attributes was based onrdseilts from theilot study (see chapter 5), which

indicated the difficulty in understanding complexities associated wittet#@system

attributes. Below, the thesis discussesvisaal network analysis approach.
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1 Node hierarchy

Node hierarchies represent how many stakeholders are connected to an actor
compared to othersegardingthe degree of connectioklnderstanding highly
connected actors in the local ecosystems is kegt@iorupsand entrepreneute
leverage resources outside their core networks (Bounegru et al., 2017). The node
hierarchy was analysely observing thenode size The bigger the node, the
more connectedgndthe more resourcesctorsmay have. Colour was alsised

to search fornode influence, whereed nodeshad high influence, orange
medium and yellowrepresentedbw influence in the ecosystestructure This
method can be visualised, as shown in Figuté Below.

Key

. High Influence

O Medium Influence

75N

o _J Low Influence

Figure 4.11: Visual display of nodehierarchies

1 Clusters & Bridges

Clusters are a group of actors in a specific sector who may be connected or
disconnected cooperating or competing (Porter, 1998). Clusters in local

ecosysterm have an advantageous role anchored on geographic and social
proximity. In Katarzyna and Krzysztof (2009), bridges are nodes that connect
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clusters with the peripheral nodesawstersand with the rest of the network.
This thesis defines bridges key actors or clusters that connect distant actors or
clusters in the ecosystem to allow resource flow across. All bridges are weak ties
(Granovetter1973). Understanding these attributes might be useful in planning
innovation activities between SMBmmunities(Li et al., 2019) In thisthesis
clusters were analysda observing thewumber of nodes and visual density or
cohesion of node#s shown in Figure 42, bridgel(a node) connects clusser

A and C, while bridge3 (a clusterconnects clustsrA and B.

Cluster A

]

Cluster B

ridge-2

v

’

, \
I
I
\

\

\
\
Y
b
5
4

- -

Bridges

\ Bridge-1 connects cluster Ato C
and B
Bridge-2 connects cluster B to C

1
I
/ and A
Bridge-3 connects cluster A and B
. ’ ridge-3

”

-
-

Cluster C

Figure 4.12 Visual display of clusters & bridges
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9 Structural holes

Ahuja (2000) defines structur al hol e:
bet ween alters l inked to the sByme ec¢
synthesizing the structural hole the@Rrgure 4.13)the thesis demonstrates that

A and Bmay decide tdirectly link if they know each other and if the link will

lead to value creatiorThe structural holes in this thesase opportunities for

SMEs to leveragesocial capital i.e. resources embedded in ecosystem
structuresSocial capital is not always measdrby closeness bby the ability

to leverage information and resources from disconnected environthemtsa

et al., 2013) This formed the key arguments by Robert S Buhio highlighted

the advantage of occupying bridging positions betwssparateentities (Burt,

1992).

While cohesion may lead to social capital through increased trust levels between
actors(Coleman, 1988)it can also lead to limited exploitation ofniovative

ideas because of redundant information embedded in closed netdorkstor

can utilise the hole by acting as a bridge or broker between two cl(Btets

1992) i.e. between clusterA and B (Figure 413). Knowledge of structural
holes is aropportuniy to access and ugbe flow of resources and information.
This may give actors greater exposureh@novelty of information, leading to

great advantage.
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Description

Structural hole theory
suggest that Cisina
strong position than A and B

The structural hole seperate
cluster Aand B

1 seeeea [nformation flow
msmmmm—  Structural hole

Figure 4.13: Visual display of a structural hole

1 Weak ties

Weak tiesmay link actors from different groups than strong {@sanovetter,
1973) By plotting nodes connected by strong and weak (fégure 4.14) the
thesis demonstrates the value of understanding the strengtlagfties in an
ecosystem.The thesis used reciprocity of services between actors from the
participant's views to determine the strength of a tie usingapping toolin
appendix 5. Ideifying strong and weak ties was crucial because a mix of
external inputs with internal resourcesvigal for innovation (Chesbrough et al.,
2014). This thesis analysethe tie sizeby observing visualisation structures
based orthe sizeof ties, i.e. thi& represent high strengind thin low strength
between relationsColour was also used to represent highd) medium

(orange)or low (yellow) strength.
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Description

Thick red ties represent high strength
Medium orange ties represent medium
strength

Thin yellow ties represent low strength

Example of weak ties

Y is weakly connected to C, leveraging
A and Al to reach C may support
innovation at Y

C is weakly connected to X, leveraging
W and B to reach X may support
innovation at C

Figure 4.14: Visual display of strong andweak ties

I Role structure

Role structuresvere analysetly how the ecosystem structamgerearranged in
terms of actords positions, i . e. whet
network (keystones, hubs), or locatetl @ler the network (dominators) or in
specific areas of the network (niche actors). This methdthportant because
identifying these roles may guide actors in developing collaboration,
competition and governance mechanisms (lansiti and Levien, 2004 Tdles

are fully explained irthapter 3 (pp.4-46).

This thesis used opesource visualisation tools to model qualitative data from the case
studies to understand the above ecosystem a#sbiurther details on opsource

tools are presented in chapb.
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44Val idity of the study

In Leung (2015)thev al i dity of the research is about th
processes and dat @iy istsuasredeexamenthow the 2t0dy 3 )

results and conclusions emerging from the data mbghtvrong? Maxwell (2013)

reiterate that the concept of validity in qualitative research has been the centre of
controversial debate for a long time, which led to other researchers abandoning the

notion of validity in its entirety because of its link taamtitative methods and

inappropriate to qualitative methods. However, Denscombe (2010)sattyatevalidity

addresses data accuraamyd methods used to obtain data. Creswell (2013) suggest that

using many data collection methods increases the rigousedneh.

Therefore, this thesis adopted the use of multiple methods to collect data. Again, the
study's validiy was further reinforced using an iterative coding process, a continuously
improving process from one case studyatmther. Using the sameode structure
facilitated comparison across different case studies. Further, codebooks provided easy
access to code and therdaseaning for internal review; this increased the rigaiuthe
research approach (Guest et al., 2012). Most importantly, thelgstion data was
constructed with the participants and later analysed with different visualisation tools.
This also increased the validity of the findings through triangulation of results from
thematic analysis and visual network analysis. During vianalysis, the study used
three different visualisation tools to explore the same datasets, thus improving the rigour

of the findings. Below arafew validity threats which were associated with this thesis.

4.4.1Researcher bias

This thesis was conducted followg a qualitative approach, where data collection was

done through engaging human participants. Because the researcher anticipated some

level of biasin collectingdata,varied data collection techniques weaopted to reduce

the negative consequencesds. Although it is impossible to do away with bias which

comes in the form of the resear(Mdxweei,6s precon
2013) showing how these preconceptions have influenced the study wéSrksyvell,

2009; Denscombe, 2010Wwhich has been demonstrated through the conceptual

framework and research questions used to shape the coding process. The study also
demonstrated how the researcherds views were

coding and visualisation process. Thegative researcher bias was further reduced by
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engaging a second thematic coder. The thesis adopted the subjective assessment of
intercoder agreement (Guest, 2012), were the researcher and the second coder
reviewed their double coded text and reachecagreement in areas where they had

different definition of codes.

Theresearcher's influenam the setting been investigatsdalso identified as a validity
problem(Denscombe, 2010; Maxwell, 2013)his research study reduced the negative
influence of the researcher on the data construction process by usingtrsetired
questions, which encouraged the participantgit® out an irdepth analysis of the

setting. The researcher also avoided legdguestions to minimize the negative
infl uence on how the participants respon.
recorded as notes and included in the finditgseaningfully influencehe study by
factoring in the rrategiesaused to enprove thesgarenwigour Ot h
included allowing participants to look at the transcribed data to verify if it was a true
reflection of their thoughts. Using workshops for the validity of the thesis output, i.e.,
Jigsaw design frameworKdisaussed in Chapter 7)presenting the results to
manufacturing SMEs, submitting some of the findings to refereed journals for peer
review also reduced the researcheros bi a:
reviewers. This approach is proposey Creswell (2014) and Silverman (2009) to

reduce bias and increase the validity of the findings.

45Rel i abil ity

Concerning reliability, explaining the research strategy in terms of how the data was
collected and analysed from each case study for the repticald the processes and

the findingsis important (Leung, 2015) Using verbatim accounts of participants in
reporting themes increased the transparency of the tkdbis: researchers suggessthi

as crucial in making the findings of the study reliag@dverman, 2016) The use of
visualisations to provide a different approach to analysing qualitative data also
increased the reliability of the results. Coding checks, verbatim quotes, triangulation
and external reviews throughout this thesis made theareh process transparent and

reliable.
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46Generali zability

Generalizability is about extending the results of a specific study to a broader
population. This thesis studied a specific phenomenon of SME innovation ecosystems
in Botswana and the UK contextetiefore generalizing to a wider population was not
the intention of this study, but to focus on theoretigaheralizability (Allen and
Richard, 2012; Yin, 2012; 2014This is explained further in the conclusions chapter,
section 11.5.

47Et hi cs

Since this vas a qualitative research approdicht engaged human participants in their
workplaces and factories, ethical approval was applied for and granted by Lancaster
University Ethics Committedefore conducting the field researdsee appendi20).
Following approval, the researcher sends the information $apeéndix 1% andthe
consent formappendix 1§ to the participants who were interested in the stidys

was important tensure that participants privacy and identity is prote(Bed, 2019)

This wasalsodone to ensure that participants were aware of their rights to participate
and withdraw at any time from theesearch. Also,atseek clarificationsn thestudy

before they participatesign the forms and allow the researcher to acttess data and
guarantee their confidentiality (see appendix 15, for further details).
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5P1I pbotbj ect and
devel opment

The previous chapter discussed the methodology and rationale for this thesis. This
chapter presents findings from an exploratorglgtoonducted in Lancashire, UK. This
was the first phase of the case study approach to generaéptim knowledge about
how decisioamakers understand innovation ecosystems. The pilot study tested the
appropriateness of the research focus and methodsd#étarmining early suggestions

on the validity of the methods.

51l ntroducti on

Although SMEs acknowledge the complexities of ecosystems, they seem to lack the
tools to understand ecosystem dynamideg@bides et al., 2018dner, 2017. There is

a need to mderstand ecosystems better and explore new opportunities for innovation
(Su et al., 2018; Rong et al., 2018 his chapter addresses the following objective as
part of answering research question 3:

To explore the 3D printingpased innovation ecosystem sea through
engagement with experts to build an understanding of how they shape their

innovation ecosystem structures.

To develop this understanding, the thesis starts by exploring SME ecosystems
associated with 3D printing technology. Also, the pilot gteXplores opeisource

visualisation tools to determine the most useable onemnfaysingrelational data. The
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cases were investigated through sstnictured interviews and a visualisation tool to
capture relational data.e. data on stakeholders comted to the focal actor. The
researcher visited participants at theuorkplaces for in-person interviews and
visualisations. All interviewed participants were directors and founders. Beldve is

rationale for selecting cases.

5.1.1Case selection

Case study section was based on the potential of 3D printing technology to transform
the economyHague et al., 2016; Hauser, 201Zhe study considered selecting three
cases based on three factorsgrgativeindustry, ii) public access, iii)manufacturing
industry. These categories were considered relevant to be comparable to Botswana

sectors.
Ceramic artist ecosystem case

This case study provided an opportunity to explore how the ceramic artist leverages
external resources to create more gafis a freelancer. This was considered relevant
because the artist transformed from doing pottery to ceramic 3D printing to leverage the
new technologySome of theceramic work produced in this caseshown in Figure

5.1 This case seemed to be embedded web of research on ceramic materials,
collaborations with Universities and research centres outside the UK. The transition
from the conventional to the digital realm of 3D printing ceramics made this case
interesting The ceramic artist was identifiethrough a colleague at Lancaster

University and contacted through an email (see appendix 18).

s

Figure 5.1: Photo showing work from the ceramic artist ecosystem (Courtesy of

Adrian Sassoon, London)
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FablLab €osystem case

This case study provided an opportunity to explore how Fab{Edbrication
Laboratores) spaces create value for makers and SM#&skerspace as commons

based peer productigpaceqTroxler and Wolf, 2010jereidentified asrelevantfor
manufacturing SMEs to experiment with digital fabrication tools such as 3D printers.
The studyselected one of the first makerspaces in the northwest of England because the
director who participated in th&tudywasinvolved with setting up makerspeg across
England in the last ten years. This was an interesting case study because the FabLab
resemblesa local ecosysteminfluencing how actors collaborate and turn rudimental
ideas intopotentialbusiness innovationg:igure 5.2 shows a eworking spae at the
FabLab. The researchidentified this FabLab through a colleague at Imagination
Lancaster. The director was recruited through an eamailagreedo participate in this

study.

Figure 5.2: Photo showng coworking space from the FabLab ecosystem (Photo

taken by the author)
3D printing bureau service case

This case study presented an opportunity to explore how bureau services create value.
This 3D printing bureawaseis located in the northwest of Englandtime Lancashire

area The studyselectedthis casebecause ofts niche clients, such as motorsport
aerospace, UK National Health Servicesid others.Examples of work from this
bureau ecosystemre shown in Figure 3. This casewas identifiedthrough a referral

from the FabLabcase This was followed by a formal email correspondence to the

director who agreed to participate in this study.
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Figure 5.3: Photo showing work from the 3D printing bureau service ecosystem
(Photo taken bythe author)

5.1.2Data collection

Semistructured interviews and visualisations

The main advantage of using sestiuctured interviews is to provide a detailed account

of the case in a relaxed open conversation. To achieve this, the researcher visited the
first interviewee, i.e. the ceramic artist, at his home laboratotlzgamorth Lancashire

area. This approach allowed the researcher and the interviewee to chat over a cup of
coffee before the intervieWrhe chatwvas useful to build trust and confidence before the
actualinterview. During the interviewthe researcher asked for persis to record the
session, which was grantech@researchestarted bymoving from generalintroductory
guestions to more specific onassing prompts tomake followups and ralirect the
interview. This process was relaxed, and the interviewee felt feeeshare his
experienceDetails of the interview questions are shown in appendiX Be researcher

also used a visualisation to@ffigure 54) to collect relational data for further analysis

with opensource toolsThe mapping tool supported collaboratengagement with the
interviewee; it also helped to recall contacts and lifikgs interview lasted for 65

minutes.
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Ceramic artist

5 O Strong ties

Figure 5.4: Example of how the mapping tool was used during the interview

Then, thesecond interview was conductesith the FabLab director. Before the
interview, the researcher visited the FabLab to interact with the interviewdeahhdb
users. This interview vg&adone following the strategyn page71 andappendix 4. The
director optedo be interviewedn his office, where it was considered to be quieter. The
research also used the mapping ttmlvisualise contacts and connections from the

i nterviewtwe 0s perspec

For the third interview, the researcher travelled to Burnley to interview the 3D printing
bureau director. This event was also coupled with a tour of the factory. The director
took the researcher around the factory floor to appreciate what thevdisrdoing. Then

the interview took place in a conference room, following strategiebapter4 (p.71)

and protocols in appendix 4. The researcher tisethapping tool like in the previous

cases to further engage with the interviewee to generate relatiata.

All the interviews were conducted in English language, and participabtsefed about
their rights to withdraw from the study at any tinRarticipants understood and stated

their interest to participate in the study.
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5.1.3Data analysis

This study combined thematic and visual network analysis techniques to analyse
gualitative data in transcripts, notes and relational dataRefsr to the methodology

chapteron how the thematic analysis was conducted.
Visualisations

Further to the thematic analysithe study used visualisation techniques to explore
relational data. This was achieved by firstly converting visualisation rimaps the
fieldwork into edgelist datasets for each case following a procedure outlined in Figure
5.5. As shown in Figure 5.(B), a mapping tool from the field used to capture positions
and strength of actors in the netwavks first used tgenerate datasetbown in Figure

5.5 (C), i.e. showing relations between actors and teggngth of ties on a scabé 1 (

wedk ties), 3 (medium ties) and 5 (strong tieBatasets were then analysed using
different visualisation layouts, e.ghord layout, forcealirected layout and 3D layouyts
asshown in Figure %.(D).

These datasets were transformed into various formats, e.g. esepa@mted/alues,

edge lists, JavaScript Object Notation depending on the tools used for analysis. These
datasets can be viewed onlingdthubu, 2020c)Also, see apendix 21 on how Gephi,
googlesheets and Omicsnet to@s main toolsvere used for further clarity

A. Mapping tool B. Sample data from SMEs

AB
CA

MX
S5 38 1 | X
MXK
WSME-1 M SME-1 BB
Strong ties Strong ties
Medium ties Medium ties
Weak ties Weak ties
D. Visualisation methods C. Sample Datasets
Tools layout | Attributes tested Source Target Weight
Chord layout Strong &weak ties, Actors degree SME-1 MX D
Force Layout Centrality & Bridging actors SME-1 X =
3D layout Structural holes & clusters SME-1 AB 1
.......... SME-1 cA 1
n N Y e e
n n n

Figure 5.5: Process of transforming visualisation data into edgkst datasets
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Amongst many visualisation tools available freely online,stiuely randomly tested 20
opensource tools with ecosystem datasets. Themebearcheselected 14 visualisation

tools for this pilotstudy because of several reasons. First, the tools welgeusa
modelling and revealing ecosystem attributes describedchapter 4 (pp387).
Second, they required minimal coding skilts use Third, the tools explored many
attributes at the same time. Forth, tools were easily customisable in terms of Théour
following tools were selected; Gephi, NetworkX, Chord Snip, Sankeymatic, D3.js,
Tableau public, SocNetV, -Rhie, OmicsNet, GraphCommons, RAWGraphs,
Cytoscape, HighCharts and Zingsoft. These tools exhibited the potential to help
decisionmakers in theexploration and understanding of ecosystem attributes and the
discovery of new insights. After selecting the tools and data formats, the researcher
formatted the data according to each tool format requirement and started the modelling

and analysis.

Next, the chapter reports findings frotime thematic analysis followed by visualisations.
Then conclude by reportinthe research directiortpols limitations and practical
implications for using operource visualisation tools in understanding ecosystem

strucures.

52Fi ndings and discussions

From all cases, participants highlighted crucial factors that influence their understanding
of ecosystems. The next sections report and discuss the main findings across three cases

by looking at thematic findings followed lysualisation insights.

5.2.1Thematic findings

By displaying data in a graphical framework, the thesgesentfour core themes

from the analysis to demonstrate the understanding of ecosystems across three cases
(Figure 5.6) The first themeis the Initiation of ecosystemsMost participants
described factors associated with knowledge exchawgdh as enabling experimental

work across firms, encouraging information sharing and open communication. The
second themeés the desgn and developmentof ecosystems. Discussions were around

the challenges of how to make sense of ecosystem configurations. Directors highlighted
shared value, building collaborations, enabling key actors and roles, leveraging shared

resources, accessingyger markets and expanding ecosystem spaces as important. The
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third themeis the managementof ecosystems. Here participants highlighted factors
such as data use and interrelationships. The last thentbe sustainability of
ecosystems. Participants raised key factors such as ecosystem health, trust, motivations,

uncertainties and evolving rélanships.

Main themes Sub-themes Interview questions
L Open exchange What do you understand by ecosystems?
Initiation ™ _ Do you feel part of ecosystems?
shared experiments How do you start ecosystem relations?
Ref: 208 How do you identify actors?
Items: 5
How do you understand ecosystem value?
Design & Shared value Actors roles Markets What is the roles of technology in shaping
Development . .- - ecosystems?
P Shared resources Collabarations Expanding ecosystems How do you develop ecosystems to create
Ref: 326 = — more value?
Items: 6
How do you manage ecosystem relations
Dat-a use and actors?
Management .
Power relations
Ref: 81 -
Items: 4
. How do you sustain your relations?
Health Motiv: n: i i
gl e-a . otl-aho s Evolvmg.relatmns What are the threats in your ecosystems?
ustainanili ;
Y Trust T S How do ;fou se‘e ecosystems affecting
Ref: 195 - ™ your business in the future?
Items: 6
- # Relations between sub-themes
Items: Number of scripts coded
Ref: MNumber of references coded

Figure 5.6: Findings from a thematic analysis process showing main themes, sub

themes and main interview questions.

5.2.1.1Initiating ecosystems

When answeringhte questions on initiating ecosystems, all respondents highlighted the
need to establish a rapport where knowledge might occur and expressly noted that
engaging in collaborative experiments key in initiating productive innovation

ecosystems.
Open exchange and collaborative experiments

Directors in all cases reiterated theaving an open exchange of knowledge and skills
was crucial in understanding ecosystems, i.e. how knowledge flows across ecosystem
actors to promote productive ecosystems. Since this case study was based on how 3D
printing influencesthe shape of ecosyshs, keeping up with recer8D printing

technologies was highlighted as important across three cases. One director added:
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ARnKeeping up to date with advances 1in
companies who are using processes of developing, precetseaterials that

mi ght be of interest to me is keyo (Al

The above quote also resonates with the FabLab environment, where the study found
that sharing information and knowledge either through collaborating in tinkering or
workshop activities wasegarded as crucial. Having open labs for experimentation
promote knowledge exchange amongst disconnected communities. Other scholars also
found that experimental work across disciplines aggregated knowledge to support the
ecosystem initiationWalrave et b, 2018; De Silva et al., 20180pen exchange
acrossclustersweremore evidenced in the FabLab and artist ecosystbarsin a 3D

printing bureawcasebecause of lack of trusbne director elucidated:

~

il mean we have | ost fpeferrimgadal3p printag ge ¢
manufacturing firm] and so é ,buhthen mad
you know we have been able to find new customers, but nothing is stopping that
happening again you know, we are running on trust you know, which is very

di fficult sometimeso (3D printing bur

It appears the 3D printing bureau case dependust to collaborate with dominating
manufacturers. Consequently, leading to some manufacturers taking advantage of their
business contacts. Implications fabusingtrust are that decisiemakers may need
trustbased mechanisms to protect their inte(Bgrrnstein, 2016) Other authors also
suggest creating nemerarchical relational contracts to curtail unfair business practices
(Kwak et al., 208; Adner, 20173) although thisis challenging because of the
uncoordinated interrelationships existingtire ecosystem structurgd/la et al., 2018;

Masys and Bennett, 2016)n the long term, understanding conditions such as
establishing shared visions within ecosystems and promatoantinuousxchange of
resources may lead to more trbsised relations.

5.2.1.2Desgn and development of ecosystems

In addressing how actors design ties and what factors affect their ecosystem
understanding, participants agreed that establishing a shared value, building
collaborations, understandingles of actors leveraging shared resrces, accessing

bigger markets and expanding ecosystem spaces were crucial.
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Establishing a shared value

Participants identified shared value am important factorin shaping formidable
connections between ecosystem actors and the community. The sodgund that

value is cultivated aroursharednterests, based on the premise that interconnectedness
creats value in support and access to resources. Participants agreed that having an
open exchangeromote perceived mutual benefits amongst ecosystetors. One

director added:

AWe have | everage with the business and su
you know if you are going to put a new machine in the market, and you want to
get to market, put one here, and we will s

From the above quote, the FabLab space and the equipment suppliers leverage social
capital, i.e. trust based on mutual benefit and understanding. Trdeimignstrated in
previous literature as mechanisnfor building networks (Mortati et al., 2012pther
scholarsalso highlightthat $iared walues unite actors around an ecosystem value
proposition (Rong et al., 2018jhus creating favourable conditions for enhancing

ecosystem understanding.
Building collaborations

Aside from creating value, it wasund that actors need to collaborate in innovation
processes for ecosystems to thriidnis was highlighted in the FabLab ecosystem,
where the director espoused tinkering activities in open days as a source of inspiration
for newcomers, entrepreneurs and established businesses to engage each other.
Interestingly, a FabLalspace promotedocial activitiesand tinkeringthrough free

workshops and open daysfaxilitate ecosystem ties

AROpen days ar e o dhatisiwhesed wantata let peopld seeb i t s
whatispossi bl eé have a play and start to kind
the inspirationo (FabLlLab).

The Artist and the 3D printing bureau cases also highlighted that collaborative
experiments are cosffective andallow themto test the relationships with other actors

before committing resources. Thdistelucidated:
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AWith any manufacturing system, € thi
trial and error, a n aostefiective fomnzeyo,havé myi t |

work made by a 3D printing bureauo (Al

Therefore, participants agreed thithe emergence of effective ecosysteomsild be
achieved througlbuilding collaborationsThese findings corroborate previous studies,
where ctlaborative experiments were used to manage uncertainties in entrepreneurial
ecosystemgGomes et al., 2018). Roundy et al. (2018) also found that entrepreneurial

ecosystemsse experiments to identify partners.
Keyactors and roles

Identifying potential actors and their roles appeared to be widely acknowledged by the
respondents as crucial. They highlighted the challenges of identifying key actors who
can provide support and niche rolesbmilding productive ecosystems. One director
emphasised:

AWe were very lucky to have a sal esm
industry, and he generally has a very good range of contacts, he knows where
machines are, he knows where potential customers are likely to be, potential
applications mainly just tlmugh communicating with lots of people in the

i n d u s3D prigtiag b(reau).

As noted earlier, experimentation prowsdee opportunity to identify potential partners.

This is common in a FabLab environment, where stpst and individual makers
identify important actors and roles during open activities. Identifying key actors to
perform bridging or keystone roles within the ecosystem structure was highlighted as
essential in leveraging the heterogeneity of ecosystem actors, albeit challenging. One

responént added:

i Weo not want to do it all, because we are not experts in all, we are experts in
our small part of it, but we work within an ecosystem of experts in all different
per spect i veiischalengingéotidentifg ar get the right expeetis

to assisto (FablLab).

Regarding the above, working in a diverse, interconnected milieu provide serendipity

for innovation because actors can focus on their strength as a contribution to a whole.
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The study found that understanding the actors taed ecoystem structure may aid
strategic decisions’he more ecosystems grow in complexity, the more challenging in

terms of understanding ties and roles.
Leveraging shared resources

The issue of sharing resources emerged as necessary in all cases. In alitaigiad,
diverse actors together to try out new business ideas and technologies was highlighted
as the main source of social capital. Respondents acknowledged the role of
technologies, i.e. 3D printers, laser cutters, vinyl cuttarsd othersshaping the
makerspace ecosystem. These digital fabrication tools were accessible -tpstart
SMEs and individual makers, thus making the FabLab a shared environment for

tinkering and cecreation. This is elaborated:

A3D printing étransf onatiiss edsynrow to gquitkdyl e pr oc e s

create a design, prototype it, and then te

Leveraging 3D printers hastens the product development process for makers. Similarly,
the Artist said that the relationship with engineers in ceramic mistana 3D printers

expediated the product development process. This was achieved by partaking in
collaborative experiments to develop ceramic products with new materials and

processes:

AXx [3D printing equi pment manufaacturer ]
resin ceramic, after their stereolithography system and they have successfully

printed some pieces for me, and | saw some examples when | was over there in
Boston, USAO0O (Artist).

The implications for Baring resourcesuch as 3D printerarein supporting staftips
with limited resourcesThis studyfound thatin the FabLalkecosystem, actorsuch as
startups and established SMEsveragetheir networks to gain acces$s high-value
tools particularly 3D printerand laser cutterSimilarly, the artistecosystenseemed
to rely on a 3Dprinting bureauserviceto leverage high tectology 3D printersto
prototype and manufacture ceramic produ€tsese findings validate previous studies
which posited that sharing resources, specifically digighnologies significantly
promoted the growth of innovation ecosystdifiwak et al., 208).
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Accessing bigger markets

On the question of how ecosystems promote shared markets, respondents had different
reactions. The FabLab as a makerspace highligheedigmificance of actors to share
business, particularly where SMEs have different capabilities and limitations. Having
access to the FabLab space exposed actors to potential markets because of more than
700 registered users, entrepreneurs, schools andaroes affiliated to the makerspace

ecosystem. This is elaborated:

AWe have now g o t700Iregistened mders, avhoehave §oded
through induction in terms of this labs, and we have about 4000/5000 businesses

a year, that has grown ovevoy e a (Fabbtab).

Although the FablLab provided access to a large market, it seemed makers were not
adequately taking advantage of the ecosystem to open new maiketstudy found
that equipment manufacturers wet#ling the 3D printing bureasin terms ofdiversity

and growthThis is explained:

it woul d depend on how the manuf a
manufacturers] want to operate, and now If the manufacturers sought of
loosening things a bit and they were able to drop the costs itdwapén new
markets for ourselves, our competitors and everybody down sought of the food

chain would benefito (3D printing bur

The 3D printing bureau is different from the FabLab and the Artist ecosystem because
they use tools from competitoreonseqently leading to unfair business practices
where manufacturers end up poaching customers from lurAaudiscussed earlier,

this couldbe partly addressethrough trust, albeit over lorgrm periodsThe negative
effects of having many dominators in agle ecosystem structurare also discussed

extensively in previous studi¢falmar et al., 2018).
Expanding ecosystem spaces

Building collaborations, leveraging shared resources and markets are efforts towards
expanding the ecosysterthe FablLab envirorment washighlighted asa platform
where hobbyists and novice entrepreneurs turn their tinkering ideas into successful

entrepreneurial ventures. This is captured below:
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AYou got a good i dea, and we can take you
it 6ls almed towards that building map net w
coll aborate with even those with potenti al

see a way we can work with themo (FabLlLab).

In a 3D printing bureagase expanding the ecosystem space seaimé® a challenge.

The respondent highlighted that they spend most of their time developing ideas and less
on growing the network. This finding was not a surprise because bureaus are typically
about creating profit for investors. The study also found firegaopportunities where
bureau ecosystems might expand to other manufacturing sectors. This is supported in
previous research, where otl8® printing bureatservicesactively seekalternatives to
expand their option@Rong et al., 2018)

5.2.1.3Management of €osystems
Regarding how ecosystem actors manage their interrelationships, respondents raised the
following factors as important; data use and power relations.

Managing data use

Managingrelationshipswas noted agmportant especiallythe use ofdataand power
relations between actors. From tlséudy, it was evident that minimal effort is

channelled towards gathering and utilisiegosystenaata One director added:

AWe dondét have enough ff eedbaanke, weddot a t hat

0
use it a littleéyeah but we don6ét have eno
k

are wor

There was limited data on useasd how data might improve makerspacHse same

was observed in the Artist and 3Dirging bureau cases. In the artist ecosystem, the
gallery fully manages the business side, thus creating a structural hole between the artist
and some customers. These structural holes may limit access to key data for innovation.

The director elucidated:

AThey [referring to the gallery] are responsible for choosing whiains to
attend, which curators, which museums to speak to, which private collectors to

speak to when | bring out some new work when | have an exhibition, they put

W

ing on to try and improveo (FablLab

together the listofintiees t o private views, you Kknowéo
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Respondents agreed that there is a lack of data collection and use in the innovation
ecosystem. Implications for lack of data are that it becomes challenging to manage
ecosystem relationships withokhowing how the actors are configured in terms of

roles and ties. For example, keeping records of people using the makerspace tools seems
to be less useful unless the decisiakers can use the data to improve makerspaces.
This finding broadly supports the work of her studieson managing effective

innovation ecosysten{®edehayir et al., 2018; Walrave et al., 2018)
Power relations between actors

Regarding power relations, respondents revealed that aligning business decisions and
actions lead to the realisation oh acosystem value proposition. In FabLab
ecosystem the director has the autonomy from board members to manage the
makespace But the Artist does not have tharerogativeto decide on whatleaought

to be manufactured anccommercialised Although the Hist emphasised mutual
benefits, he does not have the power to manufacture and sell. On the other hand,
equipment manufacturers were identified as dominators in manufacturing 3D printers,

selling them to bureau ecosystems and competing with them for thafkes is

elucidated:
il f eel |l i ke a | ot of the maintenance
know, and it makes it di fficul' for u

got XX [equipment manufacturer] trying to make a lot of money, YdthHan
equipment manufacturer] trying to make a lot of money, the resellers trying to
make a lot of money and then when you get actually to try to sell an application

to a customer, it can be quite diffici

Implications of this soughof dominating behaviour may eventually starve the resellers

and bureau services, and by extension, the entire ecosydtewious literature point to

a lack ofa clear value appropriation logic facosystem actorRabelo and Bernus,

2015; Adner, 2017b)which often lead to the disgruntlement at the bottom offtiax

chairh The use of relational contra@sd trustas suggestedreviously in this chapter

and highlightedoy Dedehayir et a(2018) and Adner et a{2017) may help protect the

bottom of thefood chai®. So, wunderstanding centres o

ecosystem structure was considered crucial in managing ecosystems.
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5.2.1.4Sustainability of ecosystems

In responding to how directors sustain thaxisting ecosystems, respondents
highlighted the following factors as important; ecosystem health, enabling trust,
leveraging nofrational motivations, exploring uncertainties and surviving evolving

relations.
Health

In interconnected environments, it widely acknowledged thathe decisions and
actionsof actorsare intertwined Adner, 2012; lansiti and Levien, 200/espondents
noted the need for collective capabilities in promoting a healthy ecosystem. So, they
hi ghlighted undeolestra passibie gnpacthoa ottercactars i the r
ecosystem structure as important.

~

Al was very happy to be fully represented
advantage of been represented by XX is that they have introduced me to the
world that | bast al | y knew nothing abouté so they

promoting the worko (Artist).

The above quote is an example of a healthy relationship between the Artist and the
gallery. It seemed the two actors understood how their actions and roles impacted the
ecosystem health. Understanding shared fate is crucial in sustaining ecosystems.
Interestingly, a 3D printing bureau ecosystem seemed to present an unhealthy situation
compared to the artist case. One director added:

~

Al feel l i ke we aneésquiltmostti ¢dd keeowm,e aama g
lot of the time, so the investors are keen to see return on investment, the resellers
and manufacturers want to make a good profit, and we are just trying to sought

of get byo (3D printing bureau).

Given the aboveuote, recruiting niche actors into the innovation ecosystem to improve
health is crucial in this case. This could be achieved byceuatracting work to other

specialised bureaus, where the 3D printing bureau case has limited capabilities.
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Trust

Trustwas highlighted as an importafatctor for developing relationships and initiating
ecosystem®n page 9. Similarly, under sustainability, trust was observed as a strong
currency. 1 is sometimes challenging to operate with contracts in a networked
envirommentbecause of the constantly changing relationships. Respondents agreed that
trust was anecessaryform of currency in sustaining ecosystem ties. One respondent

shared:

ABeing able to trust, completely trus:
that we are both gaining from that re

cont act and trust, and then | woul d s

The above quote emphasises the significance of trust in sustaining ecosystems. Other
scholars also note d&h huilding trust and honestelations are crucial in sustaining
ecosystemgHwang and Horowitt, 2012; Presenza et al., 20¥®¥ithout trust, itis

difficult for actors to work with strangers (Leung et al., 2019)
Motivations

The sustainability obcosystemss also propelled by nosrational motivations such as
friendships and volunteerisnThe FabLab casereported having severalolunteers
engaged tassisttommunity userand SMEs in tinkering activitie3he director added:

fil have got two staff that are makers anyway, and they are makers at heart.
Both have volunteered for a long time, and they both run businesses very well,
so they are perfect for our objectives, they are so enthusiastic, and they stay
long hours, theydoths because they | ove doing it

Having people driven by altruism resonates well with a makerspace environment,
obviously because of its ngofit orientation. Meanwhile, the Artist uses A@tional
motivations such as friendship ties with otpesfessionals to lower transaction costs of
experimental work with 3D printers. Remarkably, the 3D printing bureau seemed to rely
more on return on involvement by exchanging customers with other bureau services.

The participant added:

il t 6 salmpsuliketa friendship really in as much as they are passing work to
us, and we also pass work to them sometin@d printing bureau).
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This kind of transactions solemnly based on truskollowing the present results,
previous studies demonstrate@ timportance of nomational motivations in sustaining

ecosystemgHwang and Horowitt, 2012; Presenza et al., 2019)
Uncertainties

About uncertainty in ecosystems, this study found that the asynchronization of diverse
actors and roles lead to misaligned ibhass choices and negative ecosystem
performances. Furthermore, the FabLab director reported low adoption of 3D printing
technology contrary to expectation as a major source of uncertainty. This was because

of challenges with the design for 3D printingdddoy makers. The director added:

Al think we need to simplify it, we al most
we had 3D SketchUp a few years ago, but it
we al most need something anddinmogiscoop so t hat
things by hand and without having to do all the drawing and icons during the
designo (FabLlLab).

Although there was evidence that people were attracted to 3D printers in makerspaces,
respondents highlighted that laser cutters were the rsest digital fabrication tools in

a FabLab environmenLack of knowledge raigka lot of uncertainties and doubts on
users directlyinterested in 3D printersRong et al. (2018)highlighted many
uncertainties associated with low 3D printing technology kedge and uptakéther
uncertainties include predatory behaviours as demonstrated in a 3D printing bureau
ecosystemThe prohibitive costs of industrial 3D printers limit the capacity of a bureau
service.Therefore, accessing other bureau services magase the capacity to serve

customers consistently, thus retaining confidence and loyalty to sustain the ecosystem.
Evolving relations

Changing relationships can sustain or lead to the death of a productive ecosystem. Since
these ecosystems are based antdthnology of 3D printing and other digital tools,
technologies change, and so are business models across firms. The study found that the
artist ecosystem stayed attune to the advances in technology by forging ties with

equipment manufacturers. The di@cadded:
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AThe technol og yparticslarlynomatenats deyalopneekt,agd |
feel i ke | have to keep up, and | am

the appropriation of technologyo (Art.]

As highlighted in the above quotéhe p ar t i cabilgyata keépsup with new
technologies is important for sustaining ecosyste®s3D printing bureau case
continualy adopts new technologielsut fails to open new markets to expand the
ecosystemlIt would seem that arkets keep changing and influence hegosystems
change too. Rong et .a(2018) describe evolvingecosystemsas adopting new
parameters from changing marketierefore,increasingecosystenties to reacmew

actorsmight lead tahe sustanability of ecosystems
Highlights of themes
Initiation of ecosystems

The project found that initiating ecosystems start with creating conditions where
communities of actors might connect through open exchange and collaborative
experiments. Therefore, uestanding the structure of ecosystems awking

connections, roles and gaps within the structure were considered important.
Designing & developing ecosystems

Designing the understanding of ecosystems is akmawledge offactors that influence
productve ecosystems. Establishing a shared value, building ties through
collaboratons identifying key actors and roles are some of the key factors that
influence the design of ecosystems. However, respondents expressed challenges
associated with identifying iportant roles in the ecosystem, highlighting the risks of
working with some of these actors. Knowing the ecosystem configuration may aid

decisioamakers in planning and expanding ecosystems.
Management of ecosystems

In termsof managing interrelationshipgithin ecosystems, respondents agreed that they
are underutilising ecosystem data in deciswaking. This data can be used to explore
how ecosystems are configured and even design future configurai@msifying
centres of influence in the ecosystemusture was highlighted as key fine decision

making and management of ecosystems.
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Sustaining ecosystems

The study found that the health of the ecosystem can be enhanced by trust-and non
rational motivations like friendships as sources of samagital. The study also found
that evolving relations can sustain or lead to more uncertainties. It was important to

identify and understand significant ties in the ecosystem.

Structural attributessuch asclustersand bridges actors, structural holes,lagonship
strength and ecosystem rolegre challenging to identify and understand through a
thematic analysis method\ lack of understanding of ecosystem attributessy affect
decisionmaking. Next, the chapter presents findings from an exploratory sttt
opensource visualisation tools to test the above ecosystem attributes.

5.2.2Visualisations

The study analysed data using ofsemirce visualisation toalsAppendix 19 shows

results from the visual network analysigich are discussed in the followingcgen.

5.2.2.1Exploring ecosystem node hierarchy

By plotting the relational data from three cases using the chord layout and treemaps, the
thesis reveals node hierarchies clegfjgure 5.7) Amongst the 14 tools used, only

nine had colour customisation capélak, and it was challenging to do so in some
tools, e.g. Sankeymati@igure 58). By observing the colour scheme, Chord layouts
and treemaps show node hierarchies more clearly than in most layouts. For example, by
looking at the artist case, the artisbde is bigger than the gallery node, possibly
because the Artist engages more in innovation activities than the gallery. Consequently,
suggesting that the Artist has a greater influence on innovation activities. Meanwhile, a
closer inspection of the Fablh@&cosystem also indicates a consistent and similar pattern
to the artist caséFigure 5.7) where the FabLab workforce node has a high degree of
connection. Thus, revealing the FabLab staff as the most influential node across the

layout, signifying its inportancein the innovation process.

In a 3D printing bureau ecosystem, many actors appear to have high node hierarchies,
andthis could be because they are both involved in isolated innovation activities and
only connected to few mutual customers ld@rospacelients. Implications for these

isolations are thatompeting manufacturers and bureau services highly dominate the
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easystemn a small niche market, which may lead to oversupply. Bureau services may

explore alliances with equipment manufacturers to survive in these kinds of ecosystems.
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Figure 5.7: Examples of node hierarchy visualisations using Chord snip and

Tableau public tools across three ecosysteoases.
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Figure 5.8: Examples of visualisations of node hierarchy usinghe Sankeymatic
tool across three ecosystem case
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5.2.2.2Exploring ecosystem clusters and bdges

As shown in Figure .S, by plotting data using a forairected and orthogonal layout in
Gephi and Cytoscapeespectively, the thesis reveals ecosystem clusters and bridges
more clearly. For example, under the artist ecosystem, the structure is divided into a
two-sided network, i.e. manufacturimgd business sideBy observing the thickness of

the ties in Gephand Cytoscape layouts, the gallamfist link is identified as the main
bridge connecting the two sides. This could be because the gallery provides the market
for the artist products, thus allowing the Artist to focus on the manufacturing side of the
easystem. It can be assumed that this bridge is the most critical in allowing information
flow across, and its absence may completely aftitthe Artist from leveraging the

gallery market.

A similar arrangement of a tw&ded ecosystem is observeda Falhab network with

the workforce acting as a bridgbetween equipment booking and design and
prototyping service clusters. This may indicate that the absence ehc@lated
FabLab workers could create gaps between the FabLab users and equipment services,
thus affecting the ecosystem health. FabLab workers play a key itblernmakerspace

making it livelier and more enjoyable. Appreciating these bridges may aid the
deployment of safeguarding mechanisms to motivate the workers. A low density of
clusters $ observed in the artist ecosystem compared to the FabLab, and this may be
because the artist markets are sparsely distributed across the world, while the FabLab
ecosystem high density could be attributed to the physical proximity of its actors; most

of the FabLab users are from the same city.

Regarding the 3D printing bureau case, there are many clusters and bridges across the
network, forming a group of small stahaped communities appearing everywhere
(Figure 59), suggesting that actors are connedttetheir hubs, possibly as customers or
clients. These findings may help the ecosystem leaders to identify potential hubs and
bridges by observing visual weights or densities of clusters, wheralbiggity clusters

may function as keystones or hubs. ThBsdings corroborate previous literature on

usingvisual weights of graphs to improve decisimaking (Bradley, 2013).
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Figure 5.9: Examples of visualisations of clusters and bridges using Gephi, and

Cytoscape tools across threecosystem case

5.2.2.3Exploring ecosystem structural holes

Plotting ecosystem data using Onmiet 3D and NetworkX Kamada Kawai laysut
revealsstructural holes consistently across three céSgsire 5.10) Most visualisation

tools generated similar patterns efructural holes(appendix 19 However, the
OmicsNet tool has more affordances in revealing holes through 3D interfaces than in
other tools. NetworkX also reveals holes more clearly. Although other tools show
structural holes, it was challenging to e$isdb consistency and significance, e.g. in

Sankeymatic layoutd-igure 58).

Analysing structural hole@rigure 510), holel separasthe gallery and 3D printing
firms, and this could be because the gallery is not involved in the manufacturing process
done by 3D printing firms. In contrast, hefeseparates international markets and key
collectors, and this could be because collectors seem to be intereptadia gallery
eventsinstead ofinternational trade fairs. Holg separates the Artist and enbational

markets; this could be because the Artist depends entirely on the gallery for markets.
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Finally, hole4 separates 3D printing equipment manufactufesen the chemical
industry, and this could be because they are both focusing on differentrigmlastd

not directly connected.

Looking at the FabLab case, most of the holes identified are within a geographic space
compared to the Artist and 3D printing bureau case. Thus, most holes may be bridged
through improving processes within the FabLab spac@ich bridges can enhance
innovation. For example, hole separates equipment booking and community users,
and this could mean that most people using the space do not frequently book the
machines. Hol@ separates Universities and FabLab directors, lwhmay mean less
exchange of knowledge between the two groups.

In a 3D printing bureau ecosystem, structural holes are observed as follow4; hole
divides UK manufacturers with foreign manufacturers, probably because they are
competing for the same market. H@eseparates aerospace and motorsport clients,
possibly beause they are not aware of each other or not interested in working together.
Hole-3 mostly separates manufacturers and equipment resellers, possibly due to
competition for the same niche market. These struchwkds may inform decision
makers in designm strategies around bridging distant ecosystem actors to promote
inflows and outflows of resources, data and information for innovation. Increasing
network density by expanding links may lead to increased network eféexts

productiveecosystems (Giustmsin o and DO6 Al i se, 2013).
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Figure 5.10. Examples of structural holesfrom OmicsNet and NetworkX across

three ecosystem case

5.2.2.4Exploring weak ties

RAWGraphs, RChie, and D3 toolscharacteriseties more vividly (Figure 5.11)
However, it waschallenging to make sense tieseties through visual network
analysis, particularly in EChie layouts because of visual cluttering aride lack of
mouse hovering features to isolate connections and read [@belanalysis ofhe artist
ecosystenshowsweakconnectiondetween the Artist and international markets across
three tools, i.e. Chord Snip, RAWGraphs and m8thods This may be because the
Artist does not have contact with the market side of the ecosystem, which is the role of
the gallery actarSo, the two communities anetentionally disconnected. Other weak

ties can be observed between the gallery and 3D printing firms, key collectors and other
galleries. A possible explanation for these weak ties could be because of minimal
interactionsAs an interventionthe atist might explore connections with key collectors
through bridging roleto codesign artefacts with therthus making use of weak ties
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Regarding the gallery case study, FigurélSshows weak ties between international
markets and design work, FabLab staff and some community users, markets and
FabLab staff. Tools like Gephi and Chord Snip also show weak ties between FabLab
staff and UniversitiesWeak ties between markets and desiggrk could be because
design services at the FabLab are not widely advertised outside theshese is no
direct connedbn betweenthe two communities. Weak ties existing between FabLab
staff and some community users could be caused by few stadfiewusers are not
getting the maximum support they need. Weak ties between the space and Universities
could be caused by a lack of bridges, e.g. innovation activities, between students and
FabLab staff.

The 3D printing bureau appears different, and tlaeeemany strong ties shown in red

and few weak ties in yellow, particularly in RAWGraphs, D3, and Gephi. This might be
partly because most actors are connected to their regular customers and isolated from
the rest of the ecosystem. Therefore, decisiakes may explore and leverage these

ties to gain access to new information.
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Figure 5.11: Examples of visualisations of weak ties using RAWGraphs, -Rhie

and D3 across three ecosystem case

5.2.2.5Exploring ecosystem role structures

Although many tools show the structure of actors in terms of their degree of
connections and influence (see appendix 19), ahalysisidentified SocNetV and
Zingsoft (Figure5.12) and Gephi(Figure 59) asthe threedistinct tools revealing role
structures in terms of positions of nodes, demonstrating a degree of influence. For
example both toolsshow the gallery having a central and high degree position than the
Artist, which might mean that it has more influenceero the Artist in ¢rms of
information flow. Therefore, the gallery may act as a keystone player in the ecosystem,
providing stability, resources and health to the artist ecosystem. Undeatihabcase,

the staff have a high degree of connection andraeposition, as shown by the large
node in the Zingsofand Gephiayout. TheFabLaband its staff also act as keystene
providing health, stability and resources to the community users, incubates and external

customersThe artist andrabLabcases reseni keystoneébased ecosystems.
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Contrarily, the 3D printing bureau case has many dominating players spread across the
ecosystenstructure represented by manufacturers, resellers and bureau services, all
competing for the same market. Although the 3D prntequipment manufacturers
control most value chains, bureaus and resellers also control the clients, thus creating a

highly unhealthy milieu. Ecosystem actors may benefit from actively cooperating with

Approach

well-resourced players (keystones and dominator$)erecosystem.
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Figure 5.12: Showing examples of visualisations of key roles using SocNetV and

Zingsoft across three ecosystem case
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Highlights of visualisations

The project used4 opensource visualisation toolsith datasets &rm three ecosystem
casesand compared them across ecosystem attribtitess analysigound that all tools

usedhave different benefits and tradfs.

Characterising ecosystenmsterms of clusters and bridgesght guide decisiomakers

in understanding and reconfiguring ecosystegtworks Most tools also revealed node

and edge hierarchies. Node hierarchies highlight actors with high and low influence in
the ecosystenilhis information may be vital in alerting decistiorakers on where and

how to allocate roles in the ecosystem. The analysis identified wealvhieth may be
essential in accessing untapped resources from distant communities. Most tools also
revealed structural holes, which are key in showing decisiakers where gaps are in

the ecosystem structure and how they may bridge some to promote interactions. The
analysis used interactive features (rotating, filtering and zoom) to search for insights
about actors and relations. Finally, the tools were usefgharacterisingecosysem

role structures. Identifying acwrelative to others was key to understanding keystones,

niches, hubs,and dominators in the ecosystem.

53Chapter conclusi ons

The chapter presented a summary of the critical factors that constitute the understanding
of emsystems. The chapter alsbaracterisesgcosystems using different opsource

visualisation tools.

This chapter clearly showbkat the FabLab and the artist cases share similar ecosystem
characteristicsresembihg a keystonébasednetwork The FablLab @system provide
serendipity for actors to form connections;isnovate, discover new processes and
methods. However, the 3D printing bureau ecosystem was an outlier. It was dominated
by 3D printing manufacturers and resellers who have high influencatylem the

entire ecosystem, thus stifling diversity in innovation and access to new markets.

5.3.1Change of research focus

A FablLab asa makerspace had more potential to create shared value than in other
ecosystem caseshis is because a makerspace enviramnpeomots open design and

fabrication through cdearning, ceworking, cocreation and sharing ideashus
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providing access to the community alodal entrepreneursThis idea is important to
stimulate risktaking behaviours and actions without substdntoss of revenue.
Although the thesis initiallyaimed to explore the topic of additive manufacturing
technologieg3D printing) and how these technologies might be augmented to improve
SME ecosystems in Botswan#he pilot studyinsights highlighted thevalue of
makerspaces in shaping local ecosystems.

Insights from the makerspaich as promoting access toworking and cecreation

with technologiesindicated thathe solution to enhance manufacturing ecosystems was
not just in importingechnologiesand whatewtechnologes could produce but in how

it could contribute to creating new business modelss provided an opportunity to
compare to Botswana manufacturing incubatdige makerspaces, incubators are
designed to stimulate dearning, coworking, caecreation and sharing ideas. However,
based on the authorodés observation @&and backagr
Botswanaprefered to work in isolation.This indicated that there was a need to create
environments to promote calbborationsTherefore, the makerspace idea seemed more
relevant toexplore and compamith incubators in Botswana, thus refocusing the thesis
to explore open design spacesakerspaces and incubaforas local S ME s 0

ecosysten

5.3.2Tools improvements

This chater guided the refinement ofquiry questions to enhance the quality of data
collection. More probing was needed to explore how ecosystem actors work with
stakeholdersand what factors hinder ecosystem development. There were several
observations made bad on the evaluation of tieyuiry protocol.

First, based on the feedback from tlieree casesthe research needed to increase

inquiry questions to allow more quality of data to be collectedhow directors

understood ties with partnerfSecond precaitions needed to be taken when discussing
sensitive issues, e.g. respondentsodé relations
issues differed across casésr example, in a FabLab ecosystem, the respondent was

less sensitive about themakerspace relationships, whereas the 3D printing bureau

ecosystem was different, where the director did not wish to discuss the details of their
relationdips Therefore, this challenge required the researcher to be more flexible and
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open to diverse respees.Since the present thesisns to enhancthe SME ecosystem

understanding, it was more relevanet@loremakerspaceas local ecosystems

5.3.3Limitations

Although there are many properties of oemrce toolshelpful in making sense of
ecosystems, #re are limitations that warrant further research. First, colour
customization features are limited in most tools, which are crucial in exploring
ecosystem data consistently. Second, using 3D dynamic layouts was limited, except in
one tool. This is importa in inspecting network structures by rotating and zooming
layouts. Third, mouse hovering and filtering features were also limited in some tools.
These features are vital to get information about ties and nodes quickly. Forth, having a
tool that models dierse layouts, i.e. different layout algorithms, is also important to

reduce coding.

5.3.4 Chapter contribution

The main contribution of thishapteris an empirical account of how SMEs decision
makers understand and influence their innovation ecosystemshaperdemonstrates
this account by drawing from experiences and reflectimhkey ecosystem actars
Secondly, thechapterevaluated and reflected on an array of existing ejmemce
visualisation tools that may be used to make sense of ecosystem egtribais
researchdemonstrated that opeource visualisation tools could be used to gain
insights on important ecosystecharacteristicsvhere other qualitative methods, e.g.

interviews, have limitations.

This chapter contributed kesnodifications to the research design to enhance data
collection and analysis. In the next chapter, the study presents findings from the

makerspaces as local ecosystems in the UK.
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6Maker spaads sad
SME ecosyst ems

In the previous chapter, the thesisadissed findings from three ecosystem settings.
This chapterreport findings from three makerspace settings in the Northwest of
England. The rationale for focusing on makerspaces as local ecosystems is discussed in
chaptes 4 and 5. This chapter contrilegt an indepth analysis of how makerspace

shapdocal ecosystems.

6.1l nt roducti on

This chapter analyses makerspaces (also referred to as FabLabs, Techshops,
hackerspaces and creative labs) as local ecosysiénssconcept emerged frothe
Masschusettdnstitute ofTechnologycourse ommakingalmost anythingAbel et al.,

2011) The emphasis is on how these open design and fabrication spaces promote co
learning, ceworking, cacreation and sharingdeas (Vuorikari et al., 2019) Most
makerspace cultusaredefined by the ethos of openness and collective creativity than
commercial benefit§Taylor et al., 2016)excepthoseadoptingthe TechShop approach
(Abel et al., 2011)Makerspaces also promote easy access to digital fabrication tools for
community users to create solutions and experiment with different business model
innovations(Marsh et al., 2018)However, little is known about how makerspaces
influence the local ecosystem structure. This study seeks to address the following

objective as part akesearch question 3:
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To explore makerspaces as innovation ecosystems in the UK through
interactions with experienced makerspace owners and some affiliated
makers/SMEs.

To address the above, the study recruited three makerspaces in the Northwest of
England based on the experiersoaf directors and owners. The cases were investigated

through inperson semstructured interviews and visualisations.

6.1.1Case selection

In this study, three makerspace cases were selected based on their experience as the
oldest makespaces in the northwest (more than eight years). Alecteddirectors
from these makerspaces had more experience in working with space users, e.g. SMEs.

T 6Successful (BpaceA)k er space
This case is an independent makerspace, located in the Ndrtfviasyland. It
was considered for this present research for several reasons. First, because it
exhibited characteristics of @successf@l makerspace model, with less
dependence on external grants and lo&asond it attracted a range of users,
I.e. hdobyists, professionals, students and young people. Third, it #useiéd,
and the makerspace profit is invested back into the space community. Forth, it
develops links between SMEs and knowledge centres, e.g. local Universities and
colleges.Therefore this space seemed to strengthen the innovation capabilities
of SMEs in the regiorfigure 6.1shows the inside of thmainspace.

Figure 6.1: Photo showing the mairroom (Photo bythe director)
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1 6 F a i nhakeds@ace(SpaceB)
This case is also an independent makerspace located in the Northwest of
England. It was considered because the case exhibited some highlights of a
failed model of a makerspace, hence crucial and interesting to study. Siécond,
no longer has a dedicated community space, thus making this an interesting case

to explore for insightsrigure 6.2 shows makextivitiesin the space.

Figure 6.2: Photo showing some activities at thenakerspace(Photo bythe director

)

T 6Emer gingd (Bpack@r space
This is also located in the Northwest of England. This case was selected for
several reasons. First, because it is a combination of an incubator, accelerator
and the FabLab models located within @ank environment, making this an
interesting case to explore. Second, the makerspace is owned and run by the
commercial bank, thus presenting a different approach for a makerspace setting.

Figure 6.3 showthe inside of a bank makerspace.
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Figure 6.3: Photo showingthe makerspaceg(Photo by the director)

The makerspace directors were recruited through contacts from a colleague at Beyond
Imagination andcontacted by emails. Thegll agreed to participate in this study.
Further details of the three cases can be found in Appendix 8.

6.1.2Data collection

Semistrudured interviews

Interviews were conducted at the participant's workplaces and followed the interview
protocol described ichapter 4 (p.X). Few changes were made to the wording of the
interview questions toeducetechnicaljargon This was because, ihdinitial inquiry,

some questions appeared more challenging to answer. Fégirshows how the
questions were slightly altered and increased to construct more richodathe
understanding of local ecosystem3he main semstructured interviews were
conducted with makerspace directors and or owners taking an average of 60 rhinutes
appendix 8 and the researcher also interacted with two SNtBm each case to

appreciate their views.

Theinquiry moved fromgeneral and straightforwaguiestions on the understanding of
ecosystems to more specific questi@ifigure 6.4) This also covered the background of
directos and the makerspageAll the sessions were audiecorded withparticipants

permission.
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Figure 6.4: Improvements in the interview questions from a pilot study
Visualisations

During in-person interviews, the researcher used the visualisatior(Rimplre 6.5) to
collect data on ecosystem actas described iohapter 4 (p.2). Nevertheless, this was

not possible with manufacturing SMEs; most were less willing to share data on their
relationshipsThe information collected from the makerspace directors ahditeedata

was deemed enoudbr the purposes othis analysisThe caedesign visualisation data
was transformed into eddist datasets for further analysis. The case study datasets can
be found onlingdNthubu, 2020h)
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Makerspace

5 O Strang ties
3 O Medium ties

1 O Weak ties

Figure 6.5: Example of the mapping tool used to generate relational data

6.1.3Data analysis

The secondtudyused the same data analysis procedure discusstdpter 4 (pa4-

87), i.e. thematic analysis and visual network analysis.
Thematic analysis

The coding was done based on the themes identifi@thapter 5while allowing the
opportunity to discover new codes througkopen coding procestescribed irchapter

4 (pp.74-82). The aim was to explore how makerspace directors uaderdocal
ecosystemsNew themes emerged during the coding protesepresent a fivastage
processof understanding ecosystenmstead ofthe four stagesliscoveredn the pilot

study The themes were interpreted as followsjtiating, designing, reviging,
activating and sustaining ecosysteifisis study also involved the second coder, where

the two coders discussed their codes and agreed on the final set of codes to make up
themes.These new themes emerged from the makerspace ecosystem data as key in
understanding local SME ecosystems. Figéu& shows the hierarchical structure of
howthemes, subthemes and codese developed and connected in NVivo 12
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So we're putting in an application to that and we're going to be working with MMU around artificial

1 4 intelligence and VR and things like storytellingand so MMU we have been working with for quitea
number of years and MMU were also on our bid to the CDF which | mentioned just before, played a

| major part of it, and many other things we did bid with wellcome trust funding with MMU as well.
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Reference 2 - 2.67% Coverage

We've done with U yof s0's of training and things like that for
students and Tech. We've worked with Salford University. We've done some work with them. We
went to Pakistan with them and the British Council a couple years ago, and we maintain links with
Professor XX. We have worked with the National Academy Institute in the United States. So, we
were funded by them a couple of years ago and we have worked quite closely with University of
California (UC) Davis in California and the Santa Fe Institute. There is a university in Paris. Which |
8 || can't remember its name. As | said, it's in Paris.

8.8 67hems @ linked Files: 3 References: 8 Y Uniiltered

Figure 6.6: The hierarchical structure of themes, subthemes, codes and the

reference text/raw data in NVivo 12.

This analysis also used a matrix table to organise main themes, subthemes and questions
to show the relationship between concepts. The findings are displayed in the form of a
graphical famework, which shows a modification from the pilot study in terms of
ecosystems levels (themes) and factors (subthemes), elaborating how ecosystems are
understood (thigs explained further in the findings section). The rigour of this thematic

process fdbwed the same treatment as in the pilot stiatiyapter 5)
Visual network analysis

The analysis followed the techniques describeathapter 4 §p.82-87) in terms of
visualising data to reveal ecosystem attributes, i.e. nodes hierarchy, clusttges

bridges, structural holes and rad¢ructures, throughhe use of opesource tools.

Unlike in the pilot analysis, where the study used 14 <memce visualisation tools,

only three visualisation tools were used in this studysel on the pilot stydanalysis,

the tools were selected for two main reasons. First, because they were more useable, i.e.
less coding required, icharacterising ecosystemSecond,the methods were more

consistentAppendix21 describe how visualisations were produced initdet
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The first visualisation method used was the chord layesults from this methodere

used as heuristics tinderstandhe node hierarchy and sistrength This characterised

the importance of actors and their relationships. Second, the-divemed layout
revealed clusters, bridges and role structures in the ecosystem structure much better than
other tools based on the position and shape of nodes. Finally, the 3D inéelaptiut
revealed the structural holes in the ecosydbetter After selecting thanethods, tools

and data formats, the researcher formatted the data according to each tool requirements,

using the procedure showmChaptel5 (p.96) and started the modely and analysis.

Next, the chapter presarthematic followed by visualisation findings. Then conclude

the chapter by outlining its contribution to the thesis.

6.2Fi ndi ngs and discussions

In the following sections, the chapter presents the main themesetirasent their
understanding of local ecosystems. Then the chagpens visualisation findings and

chapter conclusions.

6.2.1Thematic findings

The study summarises the findings by displaying the themegheuies, and interview
questiongyraphically (Figure 6.7)Five main themes came out of this analyBis first
level was abouinitiating ecosystems. Her@articipants highlighted information flow
and exchange factarsultivating a culture of openness and trust, identifying key actors

and roles in growingpcal ecosystems.

The second level was abodesigning ecosystems. The focus was how ecosystem
actors could influence the design of new roles and ties to bémeféntire ecosystem.
Participants raised key issues around shareldievaollaborations the role of

technology, creativity and resource support in growinddbal ecosystem.

The third level focused orreviewing ecosystems. Here participants described
challenges affecting the growth of makersgadevo main capabilities came out of the

discussions as follows; makerspace capacity and expansion challenges.

The fourth level was to do with thativation of ecosysters. The challenges discussed
were how the ecosystemesourcescould be activated to benefit the actors and the
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community. Participants described factors that could be looked.at activities to

connect actors, attrairtvestors into the ecosystem, andeepregional networks

The fifth level was on thesustainability of makerspace ecosystems. Whereby
participants shared challenges that threatened the sustainability of ecosystems and
highlighted opportunitiesghat could be leveraged to avert such. Theysed the
following factors as key; ecosystem health, uncertainties, motivations and ecosystem

survival.
Main levels Factors Interview questions
) .. Information flow 1 What do you understand by
Ref: 54 Initiate Openness & trust ecosystems?
Items: 3 Key actors & roles 2 How do you initiate ecosystems?
Funding 3 Who are the main actors?
I Shared value p=f#lHow do you design ties with key
Ref: 56 Design Collaborations actors?
Items: 3 Technology s J==B]Do you feel part of an ecosystem?
\ i Creativity weeflB|What are the main factors that
Resource support shape the ecosystem?
~IZIWhat is the role of technology?
Ref: 23_ Review Lapacity ~I8/How do you enhance your
ltems: 3 Expansion capabilities in ecosystems?
~19What are the key factors that
affect development?
Ref: 15 Activate Conne?ting act.ors 10 How do you activate your
ltems : 3 Attracting Key investors | I networks?
11 What are the key challenges?
/
12 How do you sustain your
. Ecosystem health ecosystems?
Ref: 47
ftems: 5 Sustain Uncertainities 13 What are the key factors that
Motivations affect sustainability?
Survival
= Relationship between factors and interview questions
} Relationship between ecosystem levels
_} Direct relationship between ecosystem factors

Figure 6.7: Findings from a thematic analysis process showing themes, stiemes,

main interview quedions.

6.2.1.1Initiating makerspace ecosystems

Regarding how makerspaces initiate ecosystems, all directors emphasised the need to

understand information flows, how actors cultivate openness and trust, identifying key
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actors, roles and funding opportunities. Agpating these factors was highlighted as

crucial ininitiating productiveecosystems.
Information flovs

Information flows entailed the exchange of ideas and knowledge across makers.
Interestingly, participants interviewed indicated that organising events around the
makerspaces attracted many people, mostly SMEs, students and hobbyists and
promoted decentralised making andarshg ideas. One director recalled that their
makerspace was creatdde toa meetup event of software developers, thus indicating

the effectiveness of meetups in initiating local ecosystems:

Alt was an exciti ngupevent] wherevpe ended aprwith n g
lots of people balancing and exchanging ideas. | talked about Arduino, and | got
to know many people, XX [referring to his-partner] was there, he already
knew a few people through other maps like Geelu p 0Sucgessful

makerspace

While a 6 &cessfub makerspacavas created following a series of megs by a

handful of software developers and internet of things (IoT) enthusiagisiled
makerspacavas initiated through gaining inspiration from Noise Bridge, one of the
early hackespaces located in San Francisco, and & Emer gi ngvds amak er
initiative of a commercial bank to develop SMEs and a community of makers. Although
the three makerspaeeodelsdiffer in design and scope, directors emphasised the need

to understand ahcreate an opesource environment fahe crosspollination of ideas

across people to initiate knowledge probing behaviours. One director elaborated:

AWe try and build that culture so t
incubating are also collaboratg as well. How we do that could be different
ways, we may organise internal events, have a particular theme, and then our
residents may want to speak. It could be that we want to understand what the
businesses do quite deep, on a deeper level, so thaght lead to the other
businesses who are looking for a web developer, or App developer who
specialises in 10S [internet operating systehinowthat one of my residents is

a specialist IOS and | can see the connection here for people to collaborate

more OEmerging makerspage
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As demonstrated in the above quaten O Emer gi n gséemana kawa anp a c e
ecosystem orchestrator who pronsotdialogue and connections amongst actors.
Therefore, makerspaces are places where peoplesupposed tbuild a culure for
collaboration. These findings corroborate those outlined in previous s{Gthesdan et
al., 2014; Marsh et al., 2018)lakerspaces promote sharing anecomation(Benkler
and Nissenbaum, 2006)

Cultivating openness and trust

Concerning openness in makerspaces, directors demonstrated that their spaces are
designed to allow actors to collaborate efficiently. However, they both highlighted
constraints in promoting opesource practices in makerspaces such as intellectual
propertyand a closed culture. Participants in this study reported that UK makers are less
open to sharing ideathan other parts of the developed world, e.g. the U8hke

director explained:

A | t hink, sometimes its cul turemed,chall enge
whilst Americans are more open to collaboration, as Brits we are much more
closed, | think culturally as a nation, that could be quitecahal | enge 0

(Successful makerspgce

The above quote highlights the challenges of a closed culturatiating productive

ecosystems. Building a safe environment where people can share ideas may potentially
promote openness and trust. Amongst the three makerspace ecosgstetdisS uccessf ul 6
makerspacaseemed to be doing better in promoting a more open mQleadirector

added:

AAs somebody who has been involved from th
kind of my space and | am part of it. However, It was nice to be able to see a

whole group of new people [referring to community actors] take ownership and

feel ke it was their space because they helped paint walls and sand the floor

down and like run network cables everywhere, like do all this work which makes

this space amazing space and then they al
Some of i s working sut the righa cuitute, its lots of little time

interventions, a bunch of founders and elders of the community are here all the

ti me, and it ds Sdccessful makerspgpcel ps a | ot . 0o (
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The above quote implies that initiating makerspace yastess starts with building a
culture of engaging other people from the community, to create a sense of ownership,
where actors can openly -coeate ideas, facilitate information flow across diverse
people, and promote exchange in a fun and intriguing Wagymoting more social
spaces where people can interact on a local and social level was also suggested as key in
building a new maker culture in makerspa&@genness makerspaces is seen as a tool

for survival(Abel et al., 2011)

Identifying key acta and roles

Regarding how makerspace directors identify key actors and roles in initiating
productive ecosystems, they highlighted high dependengeeen production evesit

For example,a 0 Successf uhigblighteth that rogepoarcee hardware
compaents such as Arduino kits, laser cutters and MakerBot 3D printers attracted more
users. Users experiment with ideas which they later develop into business innovations.
The study observed that the makerspace activities mostly evolved around digital
technobgies (3D printers, laser cutters, routers, 3D mills), electronic art and in some
cases, pottery work. So, having a key actor enthusialstiatfinding new connections

outside thenakerspace is key. One director elaborated:

AMostly, XX [referring to the Univers
to make things happen [organising events], finding the right routes and making
good use of things so if there is an evémgre were many times since we started
where there was like an event happening, he would organise for us to
at t e nucéessiulgakerspace

Having a contact person (bridge) to connect the makerspace with the University is
essential, particularly in actitiag and cehostingevents e.g. knowledge exchange and
co-creaton. Bvents such as workshops, maker nights and conferealsesenabled the
makerspace directors feverageties with University researchers and other makers
affiliated with the University. Another important issue ishat most makerspaces
developed open events and programs to attract new actors, thus akypergments

with new digital fabrication tools and business modBlsticipants reported thétee
access days could facilitate theemdification of new actors and roles, leadingato

productive ecosystem@ne directoadded:
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Alf we do a good enough job, that we helop
the makerspace] grow maybe, hopefully, you want to become one of our
partners in thef ut ur e. But , t her e S no monet ar )
compul sory, I tds jJust that we can build a

you would hope that it would become a natural conversation, have a natural

transact i Brmmergihgamakeespage (

The @&ove statement strengthens the idea that makerspace ecosystems are cemmunity
oriented spaces much more concerned with creatiegedvalue for the community
actors thanprimarily focusing on creating economigains for the investors.All
directors emphasised the need to attract community a@a@sSMEsS, community
leaders and otherso initiate the local ecosystenthis finding is in agreement with

other studies conducted on makerspaces (Marsh et al., 2018).
Accessing funds

When asked l@out funding, the participantsvere unanimous thatunders set the
direction of themakerspaceactivities around theigoals Consequentlydiverting from
makerspace@riginal ethos They acknowledgedhe significant role of externdlinders

in developinglocal ecosystemisut acknowledged the challenges of balancing between
creating shared valudor the community of makers and delivering on funders
expectationsThis is one of the main challenges of creating shared value highlighted in
chapter 3. One direatadded:

AXX [ref éFmai hgdda drkiadk & rstarfec ouening training
programs and because of the funding they got, it was more on training and
education, that sought of set the direction, because of the funding they got, but

they closed down soe h o wiocesEfi8 makerspace

So, from the above quota, 6 Su c c e s s f highlghtea éhat althaigh aheyedid

not receivemuch fundingcompared o a o6 Fa i | gtlilep mamemdd ¢orresm@ia c e
on course in their planwhereasa 0 F aniakerspacdglosed its community space
because of the kind of funding they got, which was deviating from their original concept
of building the local ecosystem. Although accessing external funding is good, it would
be better if aligned with the makerspadsions to create shared value. One director
added:
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il am kind of against getting funding
it without fundi ngFailedmakerspage 6s a | ot b

Given the above statement, balancing between dritfiegnakerspace ecosystem and
accessing funding was crucial in initiating productive local ecosystems. Therafore,
successful makerspaeg@peared to be better at initiating a productive makerspace, and
this was partly made possible through links with esidmstic community leaders, the

local Universites, SMEs and other stakeholders.
-Highlights-

| nformation flow s weredemonstrated as key in all makerspabésst makerspaces are
struggling with understanding andreatingan opentsource environmentt is suggested
that aeating events for people to-coeate ideas and share experiences could promote
knowledge probing behavioursCultivating openness and trustwas identified as
essentiain promoting ecosystesnUnderstandingand promotingsocialactivities e.g.
coffee meetingswere suggestedo build trust amongst actor$dentifying key actors

and roles was found to be important in initiating productive ecosystems. Although
some spaces have limitednds they all agreed to attract actors into the spaiceg
neecd to organse open events andesignfree or discounted programs. However,

Funding makerspaces seems to be a huge challenge. Most funders often want to control

the direction of the spaseUnderstanding anditaacing more actorsand rolesrom the
community e.g. council leadership, University leaders and studeméy drive the

makerspace agenthetter

6.2.1.2Designing makerspace ecosystems

In responding to what and how makerspashape local ecosystems, directors
highlighted the following: shared walue, collaboration, technology, creativity and

resource support.
Shared value

As highlighted in chapter 3, ecosystem vatueatessocial and economic benefits for
communities and firms. In this chapter, the meaning of value varied according to
different makerspace models. For exampley 6 Eme r g i n gréatednalleeir s p a «

business coaching and access to versatile tools; theielmas about creating shared
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value where everyone benefits. In contrast, 6 Successf wéefhediessk er space

interested in benefiting economically from the spaoe reinvesting the proceeds to
expand the local ecosystem. Whilst 6 Fai | e d dwasmpekatng aspagpoifd
oriented business but also supported local SMEs. The three makerspaces presented
different offerings in terms of value creation. Directors elaborated:

AWe only survive through freelancing;
[referring to the makerspace]. It is a company that has shares, it could pay
di vidends, but 1t alll goes back into t

mo n ey f wueessful makerspage

AWe don't maintain a public twenmntni ty

want to be paying monEajledmdkerdpdge | andl or dds

AWe got a particular shared value growth

closely with the community, and then they grow, we will grow also. Some people
may S ay pdrateGaial aespongibility; thus, one of ours is very beneficial

to the community aBEmergingmakerspafe our busi nesso

Leaning towards the economic benefits at the expendbeafocial can obscure the
potential forlocal ecosystems to attrambmmunity userse.g. SMEsThe above quotes

show that makerspaces are diversehiir valuecreation approach. To maintain the
ethos of bringing people together to-agate, some felt that makerspaoasstremain
consistent in their promise to proma@creation. These findings agree with Abel et al.
(2011) who emphasise the need for businesses emerging from makerspaces to give
back to the labs and ecosystem networks that contributed to their work, thus creating a
rippling effect across the local egasem. These results are consistent with previous

surveys on the potential of makerspaces in creating shared(Valgler et al., 2016)
Collaborations

Havinga shared value system amongst makerspaces may lead to collaborations between
ecosystem actors.aRicipants on the wholeagreed that SMEs could achieve a lot
through ceworking spaces and access to digital tools. This study found that some
makerspacesSccessful Failed casey were collaborating with Universities to gain
access to advanced digital tools and workshop spaces. For example, one director
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mentioned that their meetups were moved from the pub to the University workshops to
support cecreation with 3D printers, lasemutters and Arduino kits because it was
impossible to make things at the pub. Both the makerspace and the Universities
recognisd the need to @laborate However, there werehallenges in establishirfgpw

and in what fashiothe actorsnight engage each loér.One director highlighted:

AThey [ Referring to the University] I
they dondét really know how to support

of support they c oucdessfulgnakergpace n s ome wa'

Collaborating partners needed to agree on a shared value system before engaging each
other toclarify what each actor brings to the table. It was suggested that operating
without clarity on perceived benefits may not sustain the relationship between
collabaators. An 6 Emer gi n g ldighlightet the sigmiicanee of having a
network of key actors with a deep sense of their capabilities and roles

APart of my role [referring to the r
would know someone at tieeuncil that | can go to and say | have a business
that would |Iike to speak to youé. The
we can connect dots there, then | might get to introduce Mike, give him some
headsup, and then he goes yeah perfect, introdueeto this business within an

h o u Emerging makerspage

An OEmer gi n gséemsna lbeildisgmaabaations between entrepreneurs
and the localzovernment bycreating links between thermn this spacethe ecosystem
manageract asa crucial brdge connecting ecosystem actors. This is important to
promot fruitful collaborations inecosystemsthus enablingactorsto gain access to
more opportunitiesor innovation Similarly, participants reported that other social
activities such as maker nights and mge$ were resourceful in bringing people

together to collaborate.
Technologies

When asked about the role of technologyetosystems, thearticipants reported a
similar set of digital technologies such as 3D printers, laser cutters, CNC milling
machines, vinyl cutters, wood routers and Arduino kits. They highlighted the

significance of these technologies in supportingi@ation at a relatively low cost. The
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versdility of the tools attracted SMEs to repurpose digital tools in different ways. One

director elaborated:

AWe are building machines, and we have ski
some people dondt want 3D printerss anymore
for a while at their desks are now going like oh | am making electronics and |

want pick and place machine, but they are super expensive, and the 3D printer

is a 3axis machine that | can use to develop a pick and place machine. All |
needisavacuumi ck to replace the nozzleéln some
how to fix machines, but here we fix machines and even make new machines
ourselves. Thatoés some of t heuccessfull ' s thato

makerspace

Regarding the above quotene unanticipated finding was that 3D printers are not as
popular compared to laser cutters in makerspaaed SMEs are becoming more
interested in repurposing these tools to solve new challenges. Although participants
reported that many people are nstng 3D printers as initially envisionetthey are still

attracted tqrototyping ideas befot®tal investment. The director added:

A3D printers are good at getting people in
your makerspace get a laser cutterglik t hat 6 s t he most used kit
3D printers are nice and easy to use once you have done the design; the design

is the tricky parteéBut also, the | aser 1is
I think thatods why t he uderasmelraloctmotet er s ar e

popul ar than 3D pr iuctassut sakerspacema k er spaceso (

Participants agreed on the needctombineboth laser cutters and 3D printers because
they offer different affordances. They highlighted that these tools providesityyehus

aiding entrepreneurs to leapfrog in their product development process at a low cost.
Consequently, participants felt that mixing up technologies may attract many actors to
makerspace This finding seems consistent with other researchers vgidigited the
importance of makerspaces in providing access to high and lowolegly equipment

to a large community of makers, sometimes fré€lyorikari et al., 2019)
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Creativity

Makerspace directorlentified creativity as one of the critical facsothat drive the
innovation ecosystem. Thargued that thenformal nature and context of makerspace
provide fertile ground for tinkering and experimentatitinwas suggested thahost
actors who use makerspaces are-delfen and selflirected thus making it easy to
blend with others in collective creativity without the need to worry about business

losses. One director elucidated:

nSo, if you need someone to help you
corporate clients that would like to getvolved. If someone needs a mentor,

|l et 6s see i f we got someone that <can
have that we know that could be interested in investment about this. So again,
we are incubating that business, we might not live thereweauare helping
them curate the i dea Emergingnakdrspacgst t o t |

The informal nature of makerspaces comes along as an advantage ecosystem
actors can leverage the network effeatsd the diverse rolegprovided for by the
ecosystemFor example, actors have acces&xperienced mentors, business coaches
and funders. These servicgpically cost a fortune for novice entreprenewliso are

not connected tthe makerspacecosystemMoreover, one directagxplained creativity

as a culture of fixing things and always looking for better and new ways to solve

problems

AThese things[referring to tables and
space, to make the space better, and getting that kind of vereaientality of
fixing things and understanding that

you need to do sccessgu rhakensgacea bout i to (S

The above quote implies that collectigesativity isa culture of working togetheto

find new wag to solve problems, driven bthe a c t o r -disectedness. fSelf
directednesss underlined in this context because makerspaces are informal settings
shaped by individual makers' actoonThese results suggest thair fmakerspace
ecosystems to thrive, eativity needs to be promoted through unrestricted access to
invite a wide diversity of people to access digital fabrication tools for tinkering

(Cruickshank, 2014)This idea may further hasten collective creativitilowever,
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participants also raised cheahges of intellectual propergwnership inideas made in

makerspaces
Resource support

Previously (Chapter %, the thesis highlighted how the FablLab as a makerspace
provided keystone resources to support the tinkering process, most of which are hard to
come by, especially bysMEs When asked about the makerspace resources, one

director said:

AWe dondt bationnprogram, lithink we provide better support for

businesses than they would get on an accelerator program, or business

incubator program, or any of this other kind of business support programs. But

it doesndét | ook | i kewetate adt intérestedsimopeople peop !l e,
who are here for a year, and then we going to kick them out or something, we

just have to say they should stay, | mean like they would get in some way better
business support thatos r #thatdegmsmthef ul t o g
UK at | east to be used or delivered as bus

(Successful makerspace

The director implies that most of the funded incubators and accelerator programs are
concerned with running and completingpgrams, but the real value of providing long
term support to businesses is not always realised. Having an open environment for

businesses to leverage resources on atiemy basis is suggested as significant.
-Highlights-

Shared value in makerspaces is abt maintaining the ethos of -@veaton for the

benefit of the communityHowever, the study found that most makerspaces tended to
lean towards economic benefits at the expense of promoting a culture of open design
and sharing ideagCollaborations promoe shared valuen the localecosystem. Tik

study found thatsome makerspaces are collaborating with knowledge centiés
betterfabricationtools to promote careation. Acombinationof Technologiessuch as

3D printers, laser cutters and millimgachines can attract makers to the spzetéer

The study found thaCreativity in makerspacess about collective tinkering by self
directed makers. To hasten collective creativity, more makers need to be recruited to use
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makerspaces. Finally, the studyiscussed the issue oResource support in
makerspacedMakerspacewidenaccess tdabricationtools in communities where they
are located, thus creating a keystone advantage for ecosystem actors. To further design

productive local ecosystems, lete&rm acess to keystone resourcesgésessary

6.2.1.3Reviewing makerspace ecosystems

Regarding factors that influence the review of makerspace ecosystems, directors

highlighted the following key factors; capacity and expansion.
Makerspace capacity

In all cases, capacity implied the extent to which makerspaces handle volumes of actors
given their resources and space. It appeared that some makerspaces have the criteria of
actors they want to engage. The study also found that these criteria arettiedyjoe

of funding and tools available to makerspac&sie makerspace was leveraging
partnerships with Universities, pukemd other community spaces like public libraries.

This was key in increasing the makerspace capacity and shared value. When asked

about how they maintain their capacity to deliver shared véheedirectorelucidated:

nSo, it's quite granular, and it der
importantly what the funders need as well, sometimes it goes down to how we
convince the fundsrabout the value we create really, which often mean coming

up with a picture of what story we need to tell. There is never a proper way of
talking to the Briti Baledmakaerspae | about |

Implicationsof deviating from the ethos of a makerspace might lead to a gradual turn
into a profitoriented firm, restrictive and closed to the community of makers. Because
makerspaces are faced with huge sustainability challenges, they rdguoenelts
commitment, which is generally funding and time. An example of a disrupted
makerspace business model was observesl in6 Fai | ed 6 makerrthep ace
director reported that they closed the community side of making because they wanted to

change their approach gomore profitoriented model.
Makerspace expansion

Regarding what makerspaces are doing to expand the local ecosystem, all directors

reiterated that they mostly use social media platforms, e.g. Twitter and Fac&book,
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take advantage of a cle&ait commnunity of makers to pass the messages through word
of mouth. Based on the attitude of creating social benefits for communities and network
effects in local ecosystemd, appeared directors depend on a critical mass of both

SMEs and hobbyist to expand thekerspace capacity. One director added:

ALIi ke yes we need enough people coming to
the rent, but there are people who come i
busi ness, and arendét t hi nlkoprayideausefwmlut runni n
stuff because some of them fix some machines which helps the businesses that
are here to run their businesses. Some of them are just trying out new things,
pl aying around with new bits of technol ogy

liket hat i dea; I  can uceessfulimakerspace my busi nesso

The above quotademonstrates that makerspaces are expanded by hobbyists and
volunteers who are not entrepreneurs but derive satisfaction in contributingotitee
ecosystem in terms ofapacity and resourcefulness. Directors also highlighted that a
mix of rudimental ideas from these tinkering processes attracts tenacious entrepreneurs

to invest, thus expanding the makerspace ecosystem. One director added:

AAl so, it [ r e fsmacet givasgus theoopportueity tonedikevery
closely with disruptive companies that allow us or the way they operate get us
thinking differently aBmenieglnakesspafeexpand t he

Expanding the makerspace ecosystem is about reaching out to nascent and disruptive
SMEs and luring them to the makerspace ecosystearticipants reported that
connecting with new SMEs or exploring new ways of doing thiags essential step in
expandingthe local ecosystemMakerspaces musteek unfamiliar places and partners

to growthe network This might potentially lead to creating shared value. These results

are in accordance with findings from previous stu@itsm, 2015)
-Highlights-

MakerspaceCapacity means the ability to handle volumes of makers given available
resources. The study found that external funders often limit the capacity of makerspaces
by refocusing their mandate. Makerspaces may need to leverage partnerships with like
minded acta, e.g. Universities and local councils. Makersp&e@ansion entails
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using social media and clekeit communities to grow a critical mass of makers and
tinkerers. Although every makerspace faces financial challenges, expanding these

networks may attrachore tenacious entrepreneurs to the sSpace.

6.2.1.4Activating makerspace ecosystems

In addressing the question of how makerspace ecosystems can be activated, all directors
highlighted the following factors;onnectingactors and attracting investors. The study
found that rigorous activities targeted at promoting these two factors may activate a
vibrant makerspace ecosystem.

Connecting actors

Who are these makerspace actors that need to be activated? In responding to these
questions, participants mentionedommuniy leaders, Universities, hobbyists,
entrepreneurs, i.e., nascent and successful entrepreneurs, investors, policyanakers,
local authorities. Participants noted that connecting all these actors to the ecosystem was
a massive challenge. One director highlighted the need for physical spaces in the city

centre to activate people through tinkering and social activities:

A T h[&anchesterCity Councilare all moving out of the city centre and about
whether they can use some buildings that they have or buy some buildings and
allow the creative Industries more grassroots in there, but | think it's kind of a

bit too late becausealr ge compani es have taken wup

are f ocusi ngFaledmaltsgagek port o (

The above quote implies that more art spdaae beerexhaustedby large monopolies
especially inthe city centres where makers could create more imnpecause of
accessibility and visibility.So, makerspaces are drifting away from the city centres
because of this challengevhich may limit their efforts to activate a vibrant city
ecosystem. Nevertheless, other makerspaces in Manchester and Livepmtédre
using avenues such as hosting conferences, hackspace meetings amgsnregarious
places to connect new actors. These platforms were citegpastantin getting people

to talk about anything in a less structured fashion. Thus, connecting akersmo the

local ecosystem.
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Attracting investors

While the study highlighte@xternal funding challengda makerspaces, participants
concurred that investors are the most crucial in activating a vibrant local ecosystem.
This is because the cost of rump makerspaces is exorbitantly high, especially in
places like London, Birmingham, Manchester and Liverpool. Some of the studied
makerspaces depended heavily on grants, loans and investor capital to remain

sustainable. One director elucidated:

ASo, ¢ io busiress, you need money to prop that, to grow that... The
i nvestor s, the angles of the VC house if
doesndt exist, that needs to exist better.

are people under the imgssion that it is not in existence? So, is there a
marketing campaign that needs to happen, do more events need to be created,
do we need more forums so t IEméergngeopl e tal

makerspace

From the above quote, it was clear tha élsosystem director recognised the need to
build a positive narrative about the opportunities for investment in the Tys,
promoting local ecosysteeventscanshowcasehec i tvib@reyand a critical mass
of investable ideas.

-Highlights-

Connecting actorsto the makerspace was highlighted as a huge challenge. This is
because other industries have taken city spaces. Thus, drifting makerspace activities
away from the city centres where they could create more impact. Organizing more
events sut as conferences targeted at getting people together to make things is key.
Attracting investorswas cited as key in activating makerspace ecosystems. Therefore,
directors may need to align with investors who share the same ethos of building local

ecosystms.

6.2.1.5Sustaining makerspace ecosystems

Sustaining local ecosystems was highlighted as a big chall&vigen asked about
sustainability, directors highlighted the following factors as key; ecosysisith,

uncertainties, motivations and survival.
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Ecosystemdnlth

The makerspace directors highlighted that having a healthy ecosystem is about makers,
and their attitudeda make the ecosystem a success. The study found that working
closely with businesses and individuals with a different and unique way of thiwkisig
important. In all cases, participants reported that promatingrsity and positive
attitudes amongst actors might lead to innovations. Events such as maker nights, hack
meetings and maker festivals were cited as key recipes for accelerating egcosyste

health. One director elucidated:

AYou might be interested in 3D printi
making some jewellery or whateyand there are separate tools which would
deliver that in the creative space. But | think it's a FabLab, as a FabLab only
that model you can sdhat nationally it hasn't worked, it needs to be mixed with

ot her maki ng evenEnergihgonakerspagiev at e maker

The majority of participants added that having making activities at the makerspace is
not enough to sustain the ecosystem but ikrgatvents where diverse groups, i.e.
hobbyists, entrepreneurs, investors, schools, community leaders and, aidwers
collaborate is crucial. For example, working with the education department in the city to
upskill school childrenwith digital skills was highlighted as key in increasing the
critical mass of makers in the city as a ldegn strategy. As demonstrated Ratton

and Knochel2017) makerspaces and schools could facilitate meaningful discourses of
interdisciplinarity, thus integratg STEM (science, technology, engineeriagd
mathematics) subjects and translating this integration to holistic learning by doing
environmers. These findings also corroborate thos€@noss, 2017)who highlighted

that makerspaces and schools couldi@antly promote invention and tinkering with

low-cost technologies such as microcircuits and 3D printers.
Uncertainties

Although there are huge opportunities to create a healthy makerspace ecosystem as
demonstrated above, this is not without uncersntOne of the troubling factoraised
by makerspace directors was the exorbitant costs of renting spaces to maintain the

community
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AWe are stildl operati onal e, it's the
closed. So, maintaining physical space thatden't do now, we closed down the

community side of things last year [referring2zd 1 80] Fdiked makerspade

Given the above scenarithe City Councilsmay need to work with makerspaces to
secure physical spaces in the city centre to support the goitis of makers. This

notion seems to be a challenge for most makerspaces studied here. So, to deliver shared
value to bothcommunityactors, the local authorities might need to allocate a budget

towards sustaining makerspaces.

AThe maker s gaaveler offsringpod arts, technology space; co

working and things like that. What the British Council call creative Hubs, So I'm

not necessarily down that terminology, but that kind of thing, cities, towns, areas,
regions, wards, need what used to bdethVillage halls. But they need much

more from that. So, there is Faldolutel

makerspace

In the above quote, theirector highlighted the significance of makerspaces in
developing local communitie®©ne director suggested that makeas collaborate with

the City Councils to identify slums and ghetto spaces to regenerate these into
makerspaces, eliminating crime spots and slufiie UK Government may need to
develop policies to incentivise makerspgdeaut this needs to be done carefully to avoid
attracting opportunists at the expense of-lkieded creators genuinely looking to

create shared value for the community.
Motivations

Regarding how extraational motivations affect ecosystem sustainabilitgpst
participants said that makerspaces areigdiy selfmotivated individuals. These actors

are either hobbyists or a group of makers and funders who are motivated to contribute to

the socieeconomic conditions of their citieg/hile a few are motivateby the desire to

make a profit out of peopl ebs hobbies. I
reported that many people volunteer a considerable amount of time to develop the
makerspace, and these are highly altruistic people from the commurtityspatific

artisan skills. One director added:
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fBecause we have been doing this for
from the community to help out with assembling of stuff and putting things
together. Many came to volunteer their time from thenroanity without

expecting any tcohessfugpmakerspateet ur no ( S

Having people volunteer their services contribute towards making the space sustainable.
For example, instead of hiring technicians to fix machines, volunteers can do the same
free of ctarge. Another observation madasthatina o0 Succes s f,alsx mak e
directors were renting spaces as freelancers, thus contributing financially to the upkeep
of the space. Makerspaces need to increase their openness to the community to attract

more altruistic people through open day events to build local ecosystems.
Survival

As discussed earlier in this chapter, the makerspace ecosystem is faced with many
uncertaintieghat may lead to the collapse of the makerspace. Some directors argued
that tre local government need to sustain local ecosystems by securing physical spaces
in strategic areas and offer resubsidiesin the city. This appeared to be the main
source of uncertainties. Some makerspaces repaneghgpaid programs and courses

to sypplement funds generated throughworking spaces and equipment rentals. For
example,a © F andk&rspaceeportedoffering caling and data analytics cousse

which generatenuch moneyor survival
-Highlights-

The researchfound that diversity in makerspaces could potentially promadteathy
ecosystem. Findings suggest that ecosystem health could be sustained iieetigis
workshops and maker festivals. However, the project also highlighteertainties in
makerspace amsystems such as exorbitant costs of rentals to accommodate the
community of makers. It was suggested that local authorities need to support
makerspaces through subsidies and other favourable policies. Regdtingtions,

most makerspaces are ownedseyf-motivated individuals with high altruistic motives.
Getting people to support the makerspace voluntarily may help build shared value in
these local ecosystems. Torvive the uncertainties surrounding makerspaces, offering
courses to supplement thecome from ceworking spaces and equipment hisekey:.

As makerspaces mature, some get more interested in profit maximization for survival.
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6.2.2Visualisations

Three opersource visualisation tooksxplainedearlier (seepages 128129 were used
in this studyto analyse ecosystem dafgppendix 21 shows how these tools were used
to develop visualisationg.he chaptereportsthe findings and implications for decision

making below.

6.22.16 Successful paamA)k er space (S

Exploring node hierarchy and weak ties

By plotting the ecosystem data using the chord layBigure 6.8) the thesis makes it

easy tocharacteriseand revealhierarchies of nodes and ties. In this visualisaten,
6Successf ul das mha khghest pdagcee of connectiandicating its
significance in the local ecosystem as a physical spacélir€ctors are also strongly
connected to the makerspace, possibly because they are renting desks and providing
support services to the users. Observing the thick red ties in this visualisation,

60 Suxxcfeul 6 msaskanglyscgnaected to the University, probably because they
share collaborative workshop activities, conferengeaker events and édanding
activities. Implications of these strong ties are that the University leadership,
researchersanda O Suc c e s s f hds#® shared lagemda @f duwilding the local
ecosystem in the city. This finding alsohighlightedon pagel36. Nevertheless, there

are areas where weak ties are also visible, which could be leveraged to develop the
ecosysteme.g. between the makerspace and STEM programs. Deanisik@rs may

take advantage of digital tools, e.g. Arduino, to introduce exciting technologies and
coding skills in young <childrenos curri

ecosystem at a grassts level.
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*Space-A has the
Highest degree
of connection

Conference

Weak ties
between arduino
and STEM kids

Co-directors

1\5
S

& University

Maker events

* Conferences are

a collaboration between
the space and University
indicated by strong ties.

| I'/;r,
2
—= Funding
— \§ *Funding is from
*Co-founders have = O dlrcctors.& the
strong ties with local University
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i :Ea Workshop Legend
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directors, workshop [, Medium degree
activities & Uni events \ =
= Low degree

mm  Strong ties
Medium ties
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Figure 6.8: Chord layout results showing node hierarchy and weak ties ima

6Successful & makerspace

Exploring clusters, bridges and role structure

The thesis clearly shows clustesidges, and role structure by plotting data in a force
directed layout (Figure 6.9This analysis shows four main clustefke first one is the
physical Spacé\, which has a high degree of centrality signalling that it might be a
keystone actor. ClusterB and C represents the makerspacealigrtors and the
University, respectively. Cluster D is the space activities and events extending to other
cities. The visualisation implies that there is a clsi relationship between Clusters

A, B and C. This ould be so because of strong collaborations between the University
and the makerspace. This finding shows that the makerspace is acting as a keystone
actor, influencing how the local ecosystem is shaping up. The Universgyms to
resemble a niche actodelivering events and creative activities to grow the local

ecosystem.

Interestingly, the visualisation also revealsakly connected actots the ecosystem

and bridges to connect isolated clusters. For example, STEM kids could leverage the
training program bridge to access 3D printers at the makerspace. The artists also seem
to have limited access to activities between the University antdlkerspace, and they
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might increase access through-working spaces to benefit from the University
knowledge spillovers. Inviting some SMEs, i.e. freelancing artists and others in co

working spaces at subsidised fa@sly increase their presence in tices/stem.

Possible bridging
positions o Startups
between STEM > . .
kids & 3D printers . Council Space-A has a hlgh
e degree of centrality.
3D printi )
823 = Strong ties to the
directors, workshop
Clusters tools, local University
A- physical space : & community users
B- Directors & ~ Y i
university actors Stu... .l:l:ve.rsuty

Possible bridging
positions between
Artists & events, Uni

C- Workshop tools
D- Arduino activities

e 0®

e0®

@ Arduino

® s Legend

; )

Events have medium 7 - ﬂmol..Mamhester. @ High degree
to weak ties because : owcastle @ .
they dont happen often in 5 @) Medium degree
these cities Low degree

Directors have strong ties m=  Strong ties
to each other and to the space w=  Medium ties
because they have permanant Weak ties
desks.

Figure 6.9: Force layout results showing main clusters, bridges and the role

structurei n a 6 Successful & maker space
Exploring structural holes

By plotting the ecosystem data using the 3D laytigure 6.10) the thesisuses
rotating and zoom features to see intricate details of the structure. As shown in layout
view (A), H1 separates the -weorking desks with Arduino activities, which might
mean that most people renting desks are not involvddthse activities because they

are not aware of the tools or do not hareinterest in electronics and coding tools.
Therefore, having an appreciation of this gap may help deeisakers ake a step
forward in closingit by introducing bridges discussatbove. Layout view (B) reveals

H2, separating workshop activities at the makerspace with maker events conducted
outside the workshop, and in other cities. The same can be seen in layout view (C),
where H3 separates Manchester activities with camp evehisarpoob bridging the

two holes by facilitating collaborative activities across cities. Layout view (D) reveals
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H4, which indicate a case where the artist and other SMEs are not participating in camp
events. Decisiomakers may decide to extend inviteis to these groups of
entrepreneurs through leveraging bridges, e.gvaxking spaces. As discussed page

150, offering subsidised space and equipment rentals fees may help to attract SMEs to

the makerspace events.

Figure 6.10: OmicsNet 3D layout showing structural holes ina &6 Successf

makerspace

6.2220 Fai | ed6 rBpakeBr space (

Exploring node hierarchy and weak ties

By plotting the data using a chord layd&igure 6.11) thethesis makes ppossibleto

identify a range of different hierarchical nodes. For example, Spdwaes a high degree

of connection indicating that the makerspace as a physical space cmasiderably
influencethe local ecosystem. Interestingly, Sp&céas strong ties with consultants,

some Universities and local councils, especially in exploring funding opportunities and
running programs outside the-amrking space. Unlkeim &é Successf,ul 6 n
the analysis of the visualisation reveals more weskindicated by yellow ties between

digital skills customers, community users and the makerspace. This could be because

the makerspace has limited skills programs and activitigsouse. Another reason
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