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The concept of disruptive innovati@tosystems relates to a type of ecosystem capable of delivering
disruption in underserved markets. This idea can create serendipity for disruption through new ways

of thinking and leveraging resources across businesses. However, scant research exigtsammdwh

how to design conditions for disruption utilising resources and capabilities at the boundaries of
businesses. Based on network theory and characterisation, we evoke an alternative design mode
using visuals and speech to generate rich data with gigdints in makerspaces. The qualitative and
visualisation data is analysed using thematic and visual network analysis techniques, respectively. Our
findings suggest three main conditions that may be satisfied to create serendipity for disruptive
innovationecosystems to emerge: Navigating high risks, creating new markets, and generating new
roles. Our findings also highlight factors under these three conditions that may be promoted to create
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theory and characterisation, we demonstrate the significance of coupling conversations with

drawings, thus moving past abstractions and helping participants to see and better understand the
inner workings of their ecosysteattributes. Using theoretical constructs embedded in visualisations

can help design researchers and ecosystem practitioners design conditions for disruptive innovation
ecosystems. The originality of this work is in linking network theory and charactenisgith speech

and visual data capture and analysis, thus presenting a strategic asset and alternative way of thinking
and acting on boundary spanning resources and capabilities in local ecosystems.

Keywords:ithinking through designdisruptive innovatian ecosystems; makerspaces; social network
theory; ecosystem attributes

1 Introduction
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and analysing local ecosystem data. We investigate makerspaces as ephemeral spaces for

entrepreneurs and makers and how these spaces design conditions foptitsr, thus cultivating

conditions for disruptive innovation. We are interested in makerspaces because they can change
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existing literature on research thugh design (RtD) (Frayling 1993; Buchanan 2001; Cross 1999;

Forlizziet al.2009; Zimmermaet al.2010). In RtD, prototypes play a key role in confronting the real

world "because the theory is not hidden in abstraction" (Sanders and Stappers 2018as&]j.on

GKS O2yOSLIi 2F (KAY1Ay3d GGKNRddzZZIK RSaAdayéI gKAOK
support thinking about disruption in local ecosystems, we want to convince the design innovation
community that visualising ecosystem characterist@s be useful as rigorous heuristics to help us

both think, understand, and design conditions for disruptive innovations. We discuss how collecting

data through network visualisations can help reveal important ecosystem attributes, e.g. clusters,
bridges,structural holes, weakties and role structures, thus evoking alternative design thinking

modes.

Challenges exist in how businesses think about resources that reside at the boundaries of a system
(ZuluChisanga et al. 202(ow actors analyse, plan, andaide about these boundatgpanning

resources and capabilities remains a complex issue (Schutte and Direng 2019; Motoyama and

Knowlton 2017; Jacobides et al. 2018). According to Ntltlaho H n M pE LI®P coHOX da! RA
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innovation is identifying new opportunities (connections, resources, and markets) across businesses

and acting upon them. Disruption is the process whereby a new or smaller firm with fewer resources
successfully challenges established firms (Christensen et al. 2015). In this article, disruption is about

an ecosystem rather than a firm. Using visuals and speech as an alternative mode of thinking at the
ecosystem boundaries is important to help actongelege resources and capabilities outside their

businesses.

An innovation ecosystem is defined as a set of actors and processes that cooperatively and
competitively interact to ceevolve and innovatéChristensen 2013pome researchers emphasise
the needto understand interrelationships and complementarities between different ecosystem
actors and how these might be leveraged to create shared @ldeer and Feiler 2019; Dedehayir
et al. 2017; lansiti and Levien 2004; Jacobides et al. 2018; Rosli et 4l.Afer and Lyft appear as
examples of disruptive innovation ecosystems in the taxi business, where they identified an
underserved transport market and exploited it. Airbnb and Breather targeted the lewer
customers in the hotel businegkibert et al 2014; Smith 2016)t would be vital to design
conditions for disruptive ecosystems from scratch (Nthebal.2019), but the dynamic behaviour
of ecosystems can be challenging to manoey®eundy et al. 2018Microsoft Zune is a good
example of a fé&d ecosystem that was expected to disrupt the iPod ecosystem by offering cheaper
and competitive pricingWoody 2013)Users had little motivation to opt for Zune.

Design research has a role to play in developing conditions for disruption in ecosysteitisi@nk
(2014) argues that a designer's role as a gatekeeper and a central figure in creating new products,
services, and systems is ebbing away. Others also demonstrate that design can help us understand
interactions between key actors in a system leetKaradima and Bofylatos 20;1BallantyneBrodie

and Telalbasi2017; Pérez et al. 20).9This thinking mode affects how design research is evolving
towards empowering noflesigners to engage in innovation effectively (Lee 2008; Sanders and
Stappers 2008Manzini 2015; Cruickshank et al. 2016). This form of empowerment also depends on
how ecosystems' whole network of relatisrchanges (Zamenopoulos et al. 204.91). In this messy
world of ecosystems, practitioners are challenged to characterise arldiegposystem attributes
defining value in networks3{anchi and Vignie#021; Nthubuet al.2019, p. 633). Therefore,
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construction of knowledge with partjgants in unconventional ways, thus empowering them to
think through words and space dimensions to navigate ecosystem compleXtiegaper airs to
understand conditions for disruption and the role that makerspaces can play in local innovation
ecosystemdy answering the following questions:

1 What are the main conditions for thriving disruptive innovation ecosystentsituK
makerspacesand how can thinkingthrough desigé shape these conditior?s

1 What is the roleghat different makerspacesglayin the ecosystem of disruptive innovation?

To exploreghe above questionssection 2 highlight the context, network theory and characterisation
to help us identify and understand conditions for disruption. Section 3 discusses the methods used
to construct daé and how this data is analysed. Section 4 present key findings and discussions, and
finally, section 5 conclude the article by outlining key contributions, limitations, and future work.

2 Context and theory

This paper focuses on makerspaces as local eaagsWe are interested in how makerspaces
cultivate conditions for disruption. The concept of makerspaces is about promoting open design and
fabrication through cdearning, ceworking, cecreation, and sharing ideg¥uorikari et al. 2019)
Makerspaces mmote access to digital fabrication tools for community users and entrepreneurs to
create solutions and experiment with different business mod@elarsh et al. 2018; Elhoussamy and
Rizk 202Q)This idea is important to stimulate riskking behaviours andctions without substantial

loss of revenue. Although makerspaces are democratising innovation (Smith 2017, p. 14), little is
known on how these ephemeral spaces shape conditions for disruption. We use visuals to capture
perceptions in interesting ways as alternative mode of thinking about ecosystem attributes. Using
visual probes responses from ecosystem actors to think and utilise the space as the second
dimension of communicatiorZ{veifelaand Van Wezemaela 201Rorman 2016, p. 347).

2.1 Understanding onditions for disruption

Not all new technologies are disruptive (Christensen et al. 2018), but the business models that the
technology shape sometimes creates disruptions (Hopp et al. 2018). Christensen argues that
disruption can be achieved by providigignpler, cheaper, and goeehough alternatives to

underserved markets. We know that innovation has been opening and becoming democratized by
engaging lead users in the design development process (von Hippel 2005; Chesbrough 2010). This is
now in part prolierated by the growing advent of digital technologies, e.g. 3D printers, allowing
more people access to digital fabrication and personalisation. Van Holm (2015, p. 30) also reported
that "makerspaces are the latest expansion of access and opportunityauedthe potential to push
society over a tipping point of engagement with design”. Therefore, empowering people with tools
to think and understand markets is becoming a key condition for disruption. In line with this,
disruption is about smaller businessammbining their resources and coordinating their capabilities

to successfully challenge large ecosystems for markets.

Nevertheless, this is not the only condition for disruption, and it might also depend on the opening
of new opportunities, varied by theustomers' positions and behaviours in the local social networks
(Mahto et al. 2020). We are interested in how local networks present alternative design modes
which might lead to disruption and what is required to understand these networks. According to
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Mahto et al. (2020, p. 4), entrepreneurs who are unafraid of pursuing high risk can pursue disruptive
innovations. Makerspaces often produce accidental innovations through experimentation (Von Holm
2017, p. 165). Examples of groubeaking innovations thatame out of makerspace activities are
MakerBot 3D printers and Oculus RHui and Gerber 2017; Smith and Light 20B&fore

makerBot, 3D printers were expensive and only available to large firms. MakerBot made it possible
for small businesses and comnities with fewer resources to access these digital technologies.

Furthermore, markets with scarcity and low social cohesion present a suitable environment for

disruption (Lee and Tuselmann 2013). Investigating makerspaces through design (engaging

ecosysten actors through speech and visualisations) might reveal new conditions for disruption. We
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that may shape conditions for disruptive ecosystems.

2.2 Network theoryand characterisation

Visualising ecosystems enable communication of new opportunities in netaodaifer an
alternative mode of thinking about complex syste(Wink et al. 20197weifelaand Van Wezemaela
2012. This approach has advantages becausaables people to create network images that they
can see and use to think, analyse and identify opportunities for innovéiadilla et al. 2018; Lurie
and Mason 2007; Burnay et al. 2019; Evans 2@rBwings as artefacenable useful discussion
and canmunication because they reveal previously hidden information (Sanders and Stappers
2014).

2.2.1 Clusters and bridges

Revealing clusters and bridges in makerspace networks may lead to new conditions for disruption.
Clusters are actors in a specific sector whayrbe connected or disconnected, cooperating, or
competing (Porter 1998). Clusters in local ecosystems have an advantageous role anchored on
geographic and social proximitgyowever, clusters of actors in an ecosystem are often hidden from
sight, making itdifficult to plan and use this advantage.Musialand Juszczyszy2009), bridges
connect clusters with the peripheral nodes or clusters and the rest of the netWlpresent
bridgesaskey actors or clusters that connect distant actors or clusters in the ecosysterchange
resourcesUsing ecosystem visuals cancatdfectively reveabridgesby observing the visual density
or cohesion of nodeg:or exampleBridgel (a node) connects cluster A and C, while brida
cluster)connects cluster A and B (FigudeVisualisinglusters and bridgeim makerspaces maye
useful in promotingconditions fordisruption.
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Figure 1. Visual display of clusters and bridges

2.2.2 Stuctural holes

Structural holes are opportunities for promoting access to new information, which may lead to
disruption. Ahuja (2000, p. 431) definesustural holes as follows; "gaps in information flow

between alters linked to the same ego but not linked to each other" (Figure 2). Structural holes in
this paper are opportunities for entrepreneurs to leverage social capital, i.e. resources embedded
andhidden in ecosystem structures. Social capital is not just about closeness (Latora et al. 2013) but
also about leveraging information and resources from disconnected environments. This formed the
key arguments by Robert S Burt, who highlighted the advantdgccupying bridging positions
between separate entities (Burt 1992). While cohesion may lead to social capital through increased
trust levels between actors (Coleman 1988), it can also lead to limited exploitation of innovative
ideas because of redundainformation embedded in closed networks. Knowledge of structural

holes is an opportunity to access new informatibimderstanding structural holagveactors

greater exposure to the novelty of information.



Description

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

The structural hole seperate
cluster Aand B
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Figure 2. Visual display of structural hole

2.2.3 Weak ties

Nthubuet al. (2019) argue that revealing weak ties in ecosystems may help actors design conditions
for disruption. Weakties link actors from different grougsetter than strong tie{Granovetter

1973) This is also important to gain access to new information for innovation. We emphasise that
combining strong (internal resources) and weak ties (external resources) might be key in promoting
disruption(Chesbrough et al. 201€ruickshank 20)0Thispaperrevealsthe strength of tiesby
observingconnections between nodes. Whether nodes and clusters are directly or indirectly
connected (Figure 3) can impact the quality of information between actors. We think through design
by visualising tiegand usingvisuals toprobe responses from actors.

‘weak tie

Description

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 3. Visual display of weak ties
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2.2.4 Roles structures

Role structuresre structures showing how actors are arranged in a network. This discussion defines
roles in terms of keystones, dominators, hubdéord or niche actors (Figure 4) (lansiti and Levien
2004). Keystones occupy few positions yet have a profound influence in promoting stability through
the provision of key resources. Dominators occupy both vaheating and extraction positions. Hub
landords occupy a central position in the network where they maximise on value extraction only.
Niches occupy value creation positions in a keystone network and focus on innovditse.

ecosystem roles' constructs are iompant in understanding conditionfor disruption in networks.
Identifyingand understanding ecosysterales may affect decision making, thus influencing how
disruption occurs in local ecosystems.

Keystone ; Dominator

Hub landlord

58

Figure 4. Visual display of role structures (redrawn fiansiti & Levien 2004

3 Methods

We engaged managers and entrepreneurs to capture visuals and narrative data about the state of
local ecosystems, and these datasets were analysed to create new knowledge about conditions for
disruption.According tadBolland and Collopy (2004, p.4), managaes designers and decision

makers in organisations. Therefore, assuming the role of designers, managers can develop new
solutions rather than being stuck in default alternativ€sthering data through design actions gay

a formative role in generatingew ideas that can lead to disruption because visuals and mapping
processes prompt themergence of new and unexgted dataacross firmgSanders and Stappers
2014). The knowledge of existing systems inhibits new thindifigang et al. 2018, p.24&)ence he
needforl KAy 1 Ay 3 a (t& N®elpasktheReSaBisiragtidridsingresearch through design
enableactorsto create mental models of their tacit knowledge as maps or drawings, then analyse
them and discuss new ided3ddilla et al. 2013

Ourdedgn visualisatiompproachis based on the idea that visualisations can shape conditions for
disruptive innovation ecosystemblthubuet al.2019, p. 634). This is important to better
understanddisruptionsin makerspaces from the collaboration of resean®) makerspace managers
FYR SYGNBLINBYSdzZNEU LISNBRLISOGAGSad ¢KS (GKAY{Ay3
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drawings to generatecaptureand analyseich tacitdata with participants (Figure 5). Visuals are not
just products in a piece of papeuba result of production, reflection, and evaluation, triggering
discussions and curiositiedweifelaand Van Wezemaela 2012, p.5

Background theory Data capture - Analysis —— I-:nuh::l: dge
Ecosystem attributes Metwork visualisations Visual network

& theory + analysis New conditions for
+ Semi-structured + disruptive
Disruptive Innovation interviews Thematic analysis innovation
Ecosystems ecosystems

Figure 5. Research approach

A purposeful sampling strategy was adopted to select makerspaces in the Northviagjlahd for

several reasons. First, because we are in the Northwest of England, making it convenient to visit and
conduct inperson interviews and visualisations. Second, we selected experienced makerspaces with
over eight years in operation to providehmidata. Third, we also considered experienced managers.
Specifically, we interviewed makerspace directors (n=3) and entrepreneurs (n=6) affiliated with
these spaces between 2018 and 2019. Below is a brief description and rationale for selecting each
ecosytem case.

d{ dzOOS & a T dzf wasidorisiSeleH fodlth@ Srésent research for several reasons. First,
because it exhibited characteristics of a successful makerspace model, with less dependence on
external grants and loans. Second, it attracted a rangesefs, i.e. hobbyists, professionals,
students, and young people. Third, it is dalided, and the makerspace profit is invested back into
the space. Forth, it has strong links with local universities and colleges.

CAIdzNB cVY LyahrrRBNEiB DS dz00SaaFdA al |

GCl Af SR aWwap Shslldrdid BeSause it exhibited some highlights of a failed model of a
makerspace, hence crucial and interesting to study. Second, the makerspace no longer has a
dedicated community space, making this an interesting case for insights.
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G9 YSNHAY 3 avaslsSentBdlbic&uSedit combines an incubator, accelerator and the FabLab
models located within a bank environment, thus making this an interesting case to explore. Second,
the makerspace is owned and rbg the commercial bank, thus presenting a different approach for

CA3dzNB yY LYaARS +y G9YSNHAYy3 al {SNELI OS¢

We conducted serstructured interviews and visualisations concurrently to facilitate thinking

G KNR dzZ3 K RS ak@ystem dbjgcks to@eldub thirk ald®ut conditions for disruption. This
involved asking questions abowhy makerspaces thrive or nahd how makerspaces promote
opennessgreativityandinnovationor not. We also visualised network relationships usingadings

on paperbased A3 paper tools (Figure 9jisualshelped identify key actors and rolesd analyse
locate, and determite relationship strengthWe usedhree opensourcevisualisatiortools, i.e.,

Gephi, Chor@hip and OmicsNet Gephiforce-directed layout algorithm characterises clusters,
bridges, and role structures in the ecosystem betliére Chordip layoutalgorithmcharacteries
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nodes and ties' hierarchies better. Finally, the OmicsNet 3D layout algonitisrselected to
charaderise structural holes better because of its interactive features.

O Focal actor
5 O Strong ties
3 O Medium ties
1 O Weak ties

Figure 9Mapping tool used to generatdsualisationsvith participants

The semsstructured interviews captured actors' experiences about makerspaces, how these spaces
can influence thruptive innovation, and what conditions can be cultivated to cause disruption. All
interviewslasted betweerone to two hoursandwere recordedtranscribed and coded to generate
themesfollowing a fivestep process, i.e. data familiarisation, code gatien, theme generation,

theme revision and theme definitiol(aun and Clarke 20Q€This process is useful for capturing the
complex meaning of textual and visual daByatzis 1998)The thematic and visual dataane
aggregated intahree main dimensions, as shownhkigurelO.
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Makerspaces Second order Aggregate

First order
data themes dimensions

codes

Promote open culture through community
spaces
( Build low social cohesion than high

[ High fluidity of information across clusters

Openness

[ There is mistrust in makerspaces
Trust

[ High uncertainity avoidance
[ Actors are afraid to work with strangers
[ High intellectual property issues

[ Makerspaces cultivate diverse skills Complimentarity

[ Different tools and tech build new capabilities
[ Dominated networks lack new skills

Keystones and niche networks promote new
skills and capabilities

ik

[ Promoting a relaxed environment
Stimulating different thinking through
experiments

[ Promoting STEM programs for kids }

Creativity

i

[ Makerspaces promote shared values
[ Promote collaboration with universities

New connections through meetups and
conferences
Promote cultural exchange

Collaboration

Expansion

[ Expand through community engagements
(Connect local and regional networks

[ Organise events across regions

[ Open and free events attract volunteers }

Makerspaces attract hobbyists to try out new
things
‘ Makerspaces attract funders and donors

Extra-rational
motivations

R

[ Makers create new ideas in groups
{ Actors leverage better resources at the space

Tinkering activities promote culture and
knowledge exchange
{ Lead to new connections and partners }

Niche actors

b

Makerspace events create new ideas and Makerspaces
connections, leading to new roles

" : - New roles Failed

[ Keystones and niche roles provide stability
P ; : = : Successful
Connecting with universities and industry )
provide sustainability Emerging
Exploring Isolated clusters create new } Bubble size represents
reference statements

connections and roles

O High OMedium O Low

FigurelO. Final data structurérom calesto themesto aggregate dimensions



Before engaging human participants in their workplaces, ethical approval was applied for and
granted by Lancaster University Eth Committee This was important to ensure thtteir privades
andidentities wereprotected (Bell 2019).

4 Findings and discussions

Ninethemescame out of the thematic and visual network analydifining conditions for
promotingdisruption inmakerspacegFigurell). These factors are classified under theggregate
dimensiongdefining disruption, i.e. High risks, new markets, and new vaélaéndicated by the
arrows between factors, there is a significant reciprocal relationship between tliegnsions

Disruptive Innovation Ecosystems

; : New
High Risks | > < »| New value
9 Markets
» Openness « Creativity  Extra-motivations
* Trust « Collaborations « Niche players
« Complimentarity * Expansion * New roles

Figurell Seconebrder themesandaggregate dimensionepresenting conditions for disruptiin makerspaces

4.1 Navigating high risks

High-riskenvironmentsin makerspaces include high failure rates, intellectual propeotyflicts
(Radniecki 2018), and an underdeveloped markeatti€ipants indicated thelangerof venturing

into untested territories where incumbent ecosystems are reluctargo, highlighting the
exorbitantcosts associated with thesetions Since pursuing high risk has been identified as a
condition for disruption(Mahto et al. 202Q)participants emphasised that makerspaces promote
access to different fabrication toole stimulate risktaking behaviours. Three conditions for
navigating a risky environment came out of the analysis: Openness, trust, and complementarity
(Figurell).

4.1.1 Openness

Openness promote sharing of information and resources across agtussis impaant to build an
open environment for collaboratio(Bheridan et al. 2014; Marsh et al. 201Barticipants indicated
that the UK makers are less open to sharing ideas than other parts of the world, e.g. the USA.

L GKAY1Z a2 tkallergesbsitheBiitiah a@ deftdirelzigd, whilst Americans
are more open to collaboration, as Brits we are much more closed, | think culturally as a
nation, that could be quite a challengéEmergingnakerspacg

Althoughprevious research indicatesat makerspaces promote an open culture of shariBegnkler

and Nissenbaum 2006we found that different cultures play a significant role in how people view
makerspaces. This is also supported in (Bolli 2020, p. 74), highlighting Shenzhen's fastgoroducti
and export orientation, opening the city, and fluidising social networks to drive a maker culture,
creativity, and innovation. To further investigate the openness of makerspaces in the UK and how
that fluidises the cities, we used relational data frame field to observe connections between

actors. Juxtaposing the visualisation results using a chord layout (Bigure  Enfér§ingind
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Failed makerspacés KI @S | t2¢g a20Alt O2KSaizy AYyRAOFGSR o
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ecosystem structure hasanyweak connections on the left side. Implications for this are that

exploring the weak ties may present new information to build conditions for disruptionithather

cases. This is in line with findings lie¢and Tuselmann 2013

Based on the theories of weak ties and structural holes, opeifingerging makerspacés (i 2

O2yySOG 6AGK ySg OG2NE yR (GASa LINbc&sfuind Y2 NB Tt
Failedmakerspaces 0 SOl dzAS 2F KA3IK NBRdzyRIFIyOeé FyR I @SNE
as ecosystem artefacts might help practitioners with new information. This information can be

practically appliedWeberandHine 201% to desgn conditions and ecosystem networks for

disruption because visuals probe responses from actors better. Lack of openness in ecosystems leads

G2 NBRdzyRIFIyOés t2¢ Tt dzA RA BuécCessiulynBkergpace RA & NHzLIJG A 2 vy X

Based on these resultae argue that the first condition for navigating higisk environments is to
promote openness and fluidity for actors to share ridksis argument is in line with findings in (Bolli
2020), where the emergence of makerspaces has opened the city of Shemzhktdo growth in
personal networks and entrepreneurship.

Figure 2: Example of Chord layout results betwenakerspace$iccessfylFailed and Emergingmakerspaces)

4.1.2 Trust

Highrisk environmentgequire a high need for trugi/on Stamm and Trifilova 2009,248) As

discussed earlier, this study found that most UK makerspace users are less open to collaborations
partly because of mistrust. Previous research shows that mistrust is associatagheitainty
avoidancgHofstede 1984)Using structural holes help us see opportunities to build trust and

reduce uncertainty avoidance. For example, using a 3D layout (Aigyr&tructural holel

separates the cavorking desks users with Arduirativities, meaning that these actors are not

working together. From the interview, actors attributed their uncertainty avoidance to intellectual
property conflicts, and some highlighted a lack of interest in working with strangers. However, visual
information povides an alternative design mode to see bridges that may close holes to enable trust
and experiments across distant actors, leading to disruptive ideas. Other structural holes are shown
(Figurel3), which might enable trust anask-taking behaviours
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