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1 Introduction

Modern society faces challenges of a very comptekgiobal nature. This makes it hard
for a single entity to come up with the right sauas. Therefore, firms and other

organizations are increasingly reaching out to reslesources of knowledge to tackle
these challenges. Among the most pressing chalkeage ecological issues such as
global warming, air quality and climate changdstlear that these need to be dealt with
by a diverse ecosystem of private actors, univessitivil society and politics, but that

such ecosystems also need to take into accounttineal environment itself.

However, in innovation management theory, the goess not why, but rathdrow such
challenges can be solved. Complex problems regoingplex solutions. In collaborative
knowledge production and innovation managemerrglitee, one of the frameworks that
attempt to take the natural environment into actasirthe Quintuple Helix modefor
innovation (Carayannis & Campbell, 2010). Althougtis rather recent analytical
framework looks very promising, only little empiaicevidence exists that explores its
possibilities and limitations. Given the growing portance of sustainable and eco-
friendly innovations, further research is neededetplore collaborative innovation
development within a socio-ecological context. Asls environmental challenges can be
perceived as an opportunity to innovate, not onlequilibrium with civil society, but
also with the socio-ecological context.

To broaden the general understanding of this cdrexegh to relate it to actual practices,
this paper explores the Quintuple Helix model fundvation from a practical point of
view in an urban context, following an Urban Livirlgab innovation development
approach.

2 Literature

The growing complexity and competition on the markballenges the traditionally
closed innovation models and has fostered a wavenakased collaboration and
knowledge exchanges (Ortt & Duin, 2008). This nanovation paradigm, driven by the
idea that a single firm is unable to have all thguired knowledge ‘in house’, is referred
to as an Open or Distributed Innovation approachgéBs & West, 2012; Chesbrough,
2003). In this approach, knowledge is exchangeddrt different actors in order to
innovate more efficiently and more successfullyrtk@rmore, innovation development
processes are no longer considered linear, bugratftlic or even adaptive, which adds
to the complexity of innovation management.

Understanding complex collaborative innovation

A useful framework for the analysis of complex ablbrative innovation networks that
takes into account the evolving states of the diffeactors is the Triple Helix model for
innovation. The original Triple Helix model concefidcuses on collaboration and



knowledge production in university-government-intiyspartnerships (Etzkowitz &
Leydesdorff, 2000). It was later expanded with @artio helix to incorporate civil society
(Carayannis & Campbell, 2009) and a fifth one ®&pahkke the natural environment into
account (Carayannis & Campbell, 2010).

To explain the processes of knowledge exchangeethmwdels work with the concept of
democracy of knowledgand mode 3’ knowledge production andpen innovation
diplomacy The first concept is used as a metaphor to Hjghlithe contextual
environment of collaborative innovation ecosystembich take place in an advanced
knowledge based economy (Carayannis & Campbell, 120Mode 3’ knowledge
production, on the other hand, is an extensionmbde 1' knowledge production
(traditional research by universities) (Godin & Gias, 2000) and ‘mode 2’ knowledge
production (knowledge which is generated when dpglyand using ‘mode 1’
knowledge) (Gibbons, Limoges, Nowotngt al, 1994; Nowotny, Scott & Gibbons,
2003). ‘Mode 3’ adds a third component by highligbtthe overarching system in which
this knowledge is produced and exchanged (innovatietworks and knowledge
clusters). Finally, ‘open innovation diplomacy’ issed to describe the way in which
different organizations and ecosystem are ableolalwrate and bridge the divides that
exist between them (e.g. social, organizationdtucal, or technological) (Carayannis &
Campbell, 2011).

However, both Open Innovation and Quintuple Helmanfeworks have a strong
theoretical tendency and require active interpia@tatind translation in order to be
adequately managed in practice. One approach ffeas such structured facilitation is
the Living Lab approach, which can be defined as an ecosystenagpin which end-
users and other stakeholders are involved in thveldement of an innovation over a
longer period of time, in a real-life environmefallowing an iterative process (Niitamo
& Kulkki, 2006; Schuurman, Lievens, De Maret,al, 2012). Living Labs originated as
a simulated testing environment for user-centrigoiration development (e.g. Intille,
Larson, Beaudiret al, 2005) and evolved towards multi-method user-éentnovation
research approach with a strong focus on user eempognt and real-world
experimentation (Fglstad, 2008; Schuurman, Baccdtawsar,et al, 2013; Stahlbrost,
2008). Furthermore, it offers a structured way twegn input from a wide variety of
stakeholders and research methods (Eriksson, Mijt&mlkki, et al, 2006; Stahlbrost &
Holst, 2012). However, despite strong European aupphis research concept is still
struggling for a better and more profound theoattimchoring and remains too much of
a ‘practice-based’ concept. Quintuple Helix (retiteoncepts provide valuable concepts
and assumptions that are promising for the assessane theoretical foundation of the
more practical oriented Living Lab literature. Chretother hand, Living Lab literature
might provide a practical framework to put Quintipklix into practice.

Why Urban? Innovation in an urban environment

More specifically, this paper focusses on innovatioan urban environment. Increasing
urbanization, grand societal challenges and raggtirtological evolutions force cities to
look for new ways to reinvent themselves (Viitan&n Kingston, 2013). Rapid
technological, demographical and societal evolgtipuat pressure on the delicate balance
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between societal progress, economic growth andvatian on the one hand, and the
natural environment, quality of life and a sustaleafuture on the other hand. This
makes urban innovation an interesting context twess the Quintuple Helix model.
While urban new media are rapidly changing theitabf everyday life in the city
(Atkinson, 1998; Foth, 2009), local governmenth Etck the capability and resources to
react to these changes in a flexible way (O’Fly2007). In the search for new ways to
cope with this tension, transparency and closeaant®mn with grassroots initiatives is
increasingly put forward as one of the solutionesercome this gap (ARUP, 2010). This
strategy is, to some extent, in line with the Openovation approach, causing city
governments to question the dominant paradigm pfdmwvn innovation development
and implementation, and to experiment with cityowation processes together with, and
even by citizens (Paskaleva, 2011). While the fgsheration of suchSmart City’
projects has a rather technological-deterministgpof view (Cosgrave & Tryfonas,
2012) the conceptual understanding of the Smayt@ibcept is slowly changing towards
a more citizen-centric approach, focusing on smiéitens rather than on the Smart City
as a high-tech solution to urban challenges (Dan2813). These initiatives embrace
more user-centric points of view, such as an irsgdaattention for user innovation, co-
creation and collaboration with a wide variety df stakeholders (Caragliu, Del Bo &
Nijkamp, 2009). Second-generation smart cities tigsto increase the quality of life in
the city, using innovative methods and building roalti-stakeholder participation and
engagement, for which innovative technologies seagean enabler rather than as a
driver. Nevertheless, these interactions need tgdyerned and in some way be able to
connect the traditional top-down approach withasgroots or bottom-up approach.

In this context, the Living Lab approach gains imnce as a way to govern such urban
innovation collaboration (ARUP, 2010; Paskaleval®0 This is also reflected in
European policy, such as the JPI Urban Europe,iwémcourages the use of Living Labs
for interdisciplinary, sustainable, collaboratiw®an innovatioh Although the process is
similar, Urban Living Labs have a distinct nature since the faisusn civic participation
and the output is increased quality of life in diwy, rather than the development of a
commercial product or service (Baccarne, MechaabuS8rman.et al, 2014). As such,
Urban Living Labs are an instrument to include dewariety of stakeholders (citizens,
municipalities, entrepreneurs, etc.) in the sedothinnovations that meet local socio-
ecological challenges (Franz, 2014). Juujarvi &38e013, p.22) define Urban Living
Labs as “a physical region in which different staddelers form public-private-people
partnerships of public agencies, firms, universjtiand users collaborate to create,
prototype, validate, and test new technologiesjises, products, and systems in real-life
contexts”. A final noteworthy characteristic of @rbLiving Labs is the close interaction
with the governmental stakeholder, which often adsading or important role in the
innovation ecosystem (Baccarne, Schuurman, Mechtaat, 2014).

! http://jpi-urbaneurope.eu/



Understanding complex collaborative urban innovatio

Whereas the Quintuple Helix framework is concepinahature, only little is known
about the practical implications of the proposiiassociated with this framework in a
local innovation ecosystem (more specifically, in arban context). As mentioned
before, increasing urbanization challenges thengaldetween technology, society and
the ecological environment. Cities can be percei@edhubs where, due to the dense
populations, problems emerge, but also where théises to these problems can be
discovered and experimented with. Although ecolalgi@nd sustainability challenges
transcend regions, nations and even continentesatre often considered as the main
driver for change. Moreover, the dense populationities has a lot of potential when it
is approached as a pool of creative minds. Agaimst backdrop, cities increasingly
experiment with technology-driven innovations, irhigh agile experimentation and
collaborative value creation are key to sustainaipieovation development. The
collaborative nature of Smart Cities is relatedoth the Urban Living Lab concept and
the Quadruple Helix model for innovation. Howeveitjes also exist within a socio-
ecological context which is put under pressurehgygrowing city environment, but also
threatens quality of life in the city. Thereforenmakes sense to explore the Quintuple
Helix concept against this backdrop.

Since Living Labs focus on innovation developmamd #@erative experimentation within
the use context of the innovation, andsitu or in areal-life environmentthis provides
another interesting argument to include the fifiblibxh in the equation. Taking the
collaborative nature and the centrality of expentagon in a real-life environment into
account, Urban Living Labs might provide a valuadfgproach to relate this ‘practice-
driven’ approach with the conceptual Quintuple Kefiodel. Therefore, the goal of this
paper is to explore how Urban Living Labs can bevay to put Quintuple Helix
innovation into practice. In other words, we invgaste the value of the theoretical
Quintuple Helix concept by studying a practice-loalgeban Living Lab project.

3 Research design and theoretical framework

As discussed in the previous section, current anadevork on Quintuple Helix

innovation is rather conceptual in nature. Althowsgime analytical simulations have
been performed, empirical studies are still lackifige goal of this paper is twofold.
First, we want to explore the conceptual premisits @mpirical data. Second, we want
to look into Urban Living Labs as a possible fraroekto practice Quintuple Innovation.

The research design of this study is a multidimei case study design combined with
elements of action research. Given the complexityhe subject and the exploratory
nature of the research question, an in-depth seotared case study is a favourable
method (Eisenhardt, 1989; Yin, 1984). This allowssta study the subject in its natural
context and to include multiple sources of evidef\ia, 1984). According to Yin (p.18),

“[a] case study is an empirical research enquirgt tmvestigates a contemporary
phenomenon in depth and within its real-life conteespecially when the boundaries
between phenomenon and context are not clearlyest/idThe unit of analysis for this

study is a project-centric innovation ecosystent Wes set up around the development of
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an interactive platform to engage, collaborate @mdmunicate on the topic of air quality
in the city of Antwerp, Belgium. Since the auth@&amn purposefully designed and
participated in the project, this research can bbs@onsidered action research. As such,
it was possible to go beyond the study of the phermn, but also to design and alter it
in order to collaboratively look for solutions asdstainable innovation. By interfering in
the process, a better understanding of the pra@esbe obtained, both for the researcher
and the other involved stakeholders (Reason & Bragt2001).

The sources of evidence include ethnographic fietes, in-depth interviews, e-mail
communication, meeting reports of steering commstténitial project proposals, project
reports and project deliverables. These documeate wollected during the timespan of
the project (November 2013 — December 2014). Usiaggulation, these were analysed
following the theoretical propositions of the Quipte Helix concept. The theoretical
foundations and analytical framework are discusselde next paragraphs.

Assumptions of the Quintuple Helix framework

Innovation diplomacyA first dimension of the Quintuple Helix model iisnovation
diplomacy. This concept focussed on the praxisrioiging barriers between traditionally
separated actors and fields (Carayannis & CampBéil,1). The theory states that
properly targeted initiatives are able to connembvi-how, tacit knowledge, creativity
and formal knowledge between different domains.silfccessfully targeted, these
diplomacy strategies have the potential to incubatflaborative solutions, nurture
entrepreneurship and accelerate economic develdpmen

‘Mode 3’ knowledge productiois a knowledge production, distribution and aptiien
system, in which it is assumed that new knowledggenerated through the exchange of
knowledge between actors in the ecosystem (Car&g/ainCampbell, 2012). The
ecosystem is described as a nexus where “peopleirewand technology meet and
interact to catalyse creativity, trigger inventioand accelerate innovation across
scientific and technological disciplines, publicdaprivate sectors in a top down, policy
driven as well as bottom-up entrepreneurship empedvdashion” (Carayannis &
Campbell, 2011, p. 330). These assumptions aredlmasa system-theoretic perspective
in which knowledge is moulded, remixed, shared amglied within a knowledge driven
society.

A system of subsystefissms the heart of a Quintuple Helix ecosystenentompasses
the different domains that resonate and collabotatsolve mutual challenges. The
Quintuple Helix model describes five societal swesms (Carayannis, Barth &
Campbell, 2012):

1. The educational system — which has the generatidrdssemination of new
knowledge as a central goal (generated by humatatap

2. The economic system — which has economic capitar{€ial, material,
resources, entrepreneurship, ...)

3. The political system — which has political and leggpital (laws, clearances,
policy, public goods, ...)



4. Civil society — which has social capital and israttéerized by traditions, values
and behavioural patterns.

5. The natural environment — which has natural cagitalural resources, climate,
air quality, geological stability, ...)

Each of these systems has capital at its dispd$a. Quintuple Helix environment

extracts knowledge from the different societal gstems and provides it as input for the
other subsystems in a non-linear way, which geasteitculation of knowledge. This can
also be conceptualized as chains of affordances Bsecarne, Mechant & Schuurman,

2014).
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Figure 1 circulation of knowledge in a Quintuple Helix mbde
(Carayannis, Barth & Campbell, 2012)

Socio-ecological transitionThe main contribution of the Quintuple Helix modelthe
integration of the natural environment, which isiceptualised as a contextualisation of
the four helices of the Quadruple Helix. The ratienbehind this concept is that this
dimension should also be considered as a stakehioldee development of society and
as a driver for knowledge production and innovatilbrihis is taken into account, it is
possible to achieve sustainable socio-ecologiaaisition, creating synergies between
economy, society and democracy (Carayannis & Calhpp@ll). But including the
natural environment can also be an incentive tmdsw eco-driven opportunities and
foster innovation (e.g. ecological entrepreneunship
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4 Results

Providing a process

First of all, an Urban Living Lab follows a structd process in which a central problem,
idea, concept or prototype is at the heart of thilalboration. This process implements a
combination of different methodologies to involvenéle variety of stakeholders and
govern this interaction process. Each of these odegtlogical stages was governed by a
social scientist who designed and implemented éxgats and interaction formats in
order to capture knowledge and stimulate interactietween stakeholders. This project
consisted of the following formal stages.

1. Offline opportunity identification, conceptualisati and contextual mapping
(stakeholderslocal government, eco-entrepreneurs, academia)
(output longlist of opportunities, knowledge of the coriteal variables and
policy goals)

2. Online opportunity identification and project defion
(stakeholderslocal government, eco-entrepreneurs, academia)
(output elaborated longlist of opportunities, prioritesd extra details)

3. Quantitative baseline measurement (survey-based)
(stakeholderscitizens, eco-entrepreneurs, academia)
(output need identification, adoption potential, targesups)

4. Problem definition and co-creation of a solution
(stakeholderscitizens, eco-entrepreneurs, academia)
(output in-depth knowledge of behavioural patterns aretryay life context,
functional design requirements, paper prototypab@innovation concept)

5. Co-design of the central concept and ecosystenitectire
(stakeholderslocal government, eco-entrepreneurs, academia)
(output redesigned paper prototype, knowledge on compi&amigy with policy
and existing initiatives, governmental design regmients, local value network)

6. Field trial and real-world experimentation
(stakeholderscitizens, eco-entrepreneurs, academia)
(output feedback on prototype, insights in usage pattenasbehavioural
change)

(Extract from the steering committee documentdclwvivere held between each stage
and consisted of eco-entrepreneurs, living labagament and researchers)

This formal, but flexible staged process was iraggd by the eco-entrepreneurs (covered
roughly 17.5% of the research and management cegts)financially supported by the
Flemish government (covered the other 82.5% ottsts), and was managed by iMinds
Living Labs". The project was also supported by a doctoralestu¢part of the author
team). This process structured the innovation agmént process and governed the

! https://www.iminds.be/en/succeed-with-digital-r@s/living-lab



interaction between the different stakeholdersid&gssthis formal and structured process,
informal interactions occurred as a result of, andresonance with the innovation
development track.

Innovation diplomacy

Complex multi-stakeholder collaboration is hardrtanage in a fix structure. The formal
commitments within this project were limited to teeo-entrepreneurs, iMinds Living
Labs and the city of Antwerp (local government)isTproject was not able to convince
other key actors in the ecosystem to become a fquaraof the Urban Living Lab track
because these actors were not willing to commitmgedves to an uncertain and open
project. However, once the project gained momentotiaborations were still possible
on an ad hoc base. This attracted not only thestakeholders in the ecosystem, but also
several smaller organisations and initiatives wherewvery willing to contribute and
share their knowledge (research institutes, congsaand civic initiatives). The agile way
of collaborating (including the option to end thalaboration anytime) proved to be a
good way to lower the barrier to share knowleddee fact that every collaborator had its
own agenda did not interfere with the goals of fineject. Furthermore, the project
served as an entry point for future collaboratioile it can be hard to collaborate
without pre-existing reciprocal knowledge, a projeentric semi-formal ad hoc
innovation ecosystem approach generates fertilangrdor future collaborations since
organisations are in full control of how, what, wéryd when they share their knowledge.

‘Mode 3’ knowledge production

When it comes to air quality, a lot of knowledgegenerated in ‘mode 1'. Traditionally,
research institutes obtain grants to study atmasgpharticulate matter (such as P§Mor
ozone concentrations. Most of these data remaihdehi to the public. However, there
are some initiatives that attempt to communicaesehdata to the citizens. Most of the
time, these initiatives are built upon open datagiples and are translated in dashboards
that show the values of the air quality. In they @if Antwerp, this has also resulted in
public visualisations of the air quality (figure. 2)

Figure 2 visualisation of air quality data in the city ohfwerp, Belgium

In theory, these initiatives distribute the knovgedhat is being generated in universities
and other research institutes. However, this Uibiaing Lab project revealed that this
information cannot be interpreted by regular ciizeEven if the raw numbers are
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translated in visual information, several problemsurred: (1) the academic complexity
was not interpretable for citizens (e.g. backgroumuise, conditioning variables or
measurement errors) and (2) citizens had no idest Wwhdo with this information (e.g.
call politics to action, stay inside or use ecetfdly transportation). This caused a clash
between academic complexity and nuance on the ame land a clear message to
citizens on the other hand. Although 63.2% of thizens in the study were concerned
about air quality, only 21.1% knew how to transkdtis concern into actions.

Through a multi-method approach, needs and knowledf all stakeholders were
captured and combined in a conceptual model foiosemological change (figure 3),
which served as the basis for design requiremermdghee development of the prototypes.
This model could only be developed by combining Wiedlge of the different

stakeholders in the innovation ecosystem.

impact
learn
reward connect
FEEDBACK DATA
ACTION MEANING
individual b ranslate
collective :risualltste
government awareness

Figure 3 example of ‘mode 3’ knowledge production.
Conceptual model for socio-ecological change
(output of fourth phage

The ecosystem and circulation of knowledge

The formal ecosystem consisted of (1) an eco-sgaiteconomic system), (2) the living
lab facilitator (educational system) and (3) they af Antwerp (political system). Other
stakeholders were involved in a semi-structured: Wé)the Living Lab panel members
(civil society), (5) civic movements (civil socigtgnd (6) environmental research groups
(educational system). Given the central goal ofpitzgect (to mobilize all stakeholders in
the city on the topic of air quality), the natu@ntext (7) was not only taken into
account, but also an incentive to innovate. Oue caady found evidence for different
kinds of knowledge exchange. Some examples inckudevledge transfers from the
economic system to civil society (understanding toenplexity and taking this into
account when creating their own solutions), thecadanal system to the economic
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system (Living Lab research methodologies and daltsted knowledge regarding air
quality), the political system to the economic ewst (regarding policy, internal
procedures, the value network and business mogeiramities) and from civil society
towards both the educational system (regardingirterpretation of complex data by
citizens and the relation to their everyday beharjiand the economic system (regarding
needs, target populations and adoption potential).

Furthermore, for the local government, the projaisio connected different branches
within the organisation. The initiative served as a \Jehthat enabled links between
different departments and brought a wide varietgaiple and projects together around a
single concept or theme. As such, the projectifatéld horizontal and agile collaboration
and knowledge exchange on an ad hoc base, largphsbing traditional structures and
processes.

Socio-ecological transition

As for the natural context, this project aimedriwalve this ‘stakeholder’ by giving it a
voice and a language that could be understood eted apon by all stakeholders in the
ecosystem. Not only by visualising the air qualiyt also by coupling this to easy
understandable information and concrete actions. nfentioned before, ecological
concerns were the main starting point for this grhjso the Quintuple Helix model for
innovation proved to be a valuable approach toystmt implement this innovation
development process.

However, when it comes to the sustainability ofph@ect, which is inseparable from the
transition potential, some challenges remain uregsbMA first challenge is the repeated
use of the platform. Despite the user centric dgwekent, the current concept still
struggles with a lack of repeated visits, whichuess it to a ‘nice demo’. A second
challenge is the difficulty to find viable businessodels in a domain which is
characterized by a strong ‘public’ nature. Bothilcsociety and the economic system
think it is the job of the political system to tatesponsibility, but the political system is
facing budget cuts, which make it hard to develgustainable business model. This has
caused the eco-entrepreneurs to pivot stronglyf@nds on related markets and narrower
customer segments (such as schools or people eatthhissues).

Nevertheless, socio-ecological transition must deoconsidered in a broader sense.
Although the innovation itself is possibly hard toaintain in a sustainable way,
experiments and collaborative knowledge exchantges @ntribute to higher levels of
change. Since Urban Living Labs are limited in plascope and time, they provide an
interesting window for experimentation. As suche timvolved stakeholders have a
temporarily increased flexibility to facilitate thexperiment (e.g. the financial system
invests in uncertain projects, the educational esysts as practical as possible, the
political system facilitates with clearances andlilcsociety is tolerant for bugs and
operational errors). This is important because whenexperimental window closed, all
stakeholders have experienced the possibilitighefnnovation. In this context, Nevens
et al. (2013) put forward the concept of the Urfaansition Lab which is described as
“the locus within a city where (global) persistgmbblems are translated to the specific
characteristics of the city [...] It is a hybrid, fiele and transdisciplinary platform that
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provides space and time for learning, reflectiod davelopment of alternative solutions
[...]."From this point of view, project-based QuintapHelix innovation can foster
change on a more latent level, by inspiring antgiéting debate on contemporary urban
challenges and solutions.

The Urban Living Lab concept

Our findings support most of the theoretical assizng of the Quintuple Helix model
and elaborate on the Urban Living Lab approachwaayato put this into practice. Urban
Living Labs can be a way to work with ad hoc cdilees, which lowers the barriers for
collaboration as opposed to formal commitments.tif@nother hand, the project-centric
nature is a catalyst for knowledge exchange, whislo has the possibility to nurture
future collaborations. In this context, Urban LiginLabs can be metaphorically
represented as ‘innovation acupuncture’, which tenamly focusses the collaborative
energy of the involved stakeholders on a singletpmi time and space. The evidence
supports that a project-driven local innovationsg@bem like this can succeed in creating
synergies and collaborative knowledge creation betwindustry, society, academia,
government and the ecological context. These pseseare in line with the assumed
circulations of knowledge between knowledge clissterwhich each cluster has its own
affordances, capital and input/output qualities.

Furthermore, the notion of coevolution and co-sg@legtion can be optimally fostered
and catalysed within an Urban Living Lab througbse interactions and common project
goals. This way, democratization of knowledge Gomats put into practice. An Urban
Living Lab can be considered as a collaborativeuation ecosystem which allows the
co-creation of sustainable, future proof innovatighat improve life in the city. The
Urban Living Lab framework is a useful framework dombine top-down governance
with bottom-up initiatives in the city. However, ree challenges remain. Whereas
experimental activities within an Urban Living Laltivate and reinforce the Quintuple
Helix ecosystem, facilitating collaboration and leliey interaction with the city
government and environment, it is still hard torfess the creation potential within the
city in a sustainable way. Nevertheless, sustamablabling value is being created at
higher levels (e.g. by intermediary infrastructyresreased transparency, favourable
policy, a lowered barrier for knowledge exchangd eollaboration). Urban Living Labs
facilitate urban transitions through an accumutatad experiments, which allow city
inhabitants and policy makers to experience charegsing transitions on the meso level
(i.e. facilitating infrastructures) and the macewdl (i.e. policy and society) in the long
run.

Furthermore, Urban Living Labs could act as ‘reesablers’ through central governance
of ‘fertilizing’ resources. In the evolution towardan Open Government, the Urban
Living Lab should also govern and disclose netwolksterpersonal and inter-
organizational), infrastructure (e.g. sensor neksprartefacts (e.g. code and algorithms)
and knowledge (e.g. research data) to increaseectime capacity (Lichtenthaler &
Lichtenthaler, 2009) in the city, thus enhancing sustainability of the generated value
and knowledge.

12



5 Conclusion and discussion

This paper provides empirical evidence for the tagcal propositions of the Quintuple
Helix model for innovation, which was previouslgking. Although this analysis has an
exploratory nature, it elaborates in more detailtlom interactions between knowledge
clusters, the way in which knowledge is created fadslated, and the relation with
socio-ecological transition. This paper contribuiescademic insights on collaborative
knowledge creation and its relation with innovatidavelopment. On top if that, it
provides an actionable approach to practice Quiattiglix innovation. Related to this
observation, the Urban Living Lab approach alsotriomtes to sustainable socio-
ecological transition. This is mainly facilitatedy ban interdisciplinary (and
transdisciplinary) temporal experimental window @rhpromotes collaborative learning
and stakeholder engagement.

For Living Lab academics, this paper contributesh® quest for more solid theoretical
foundations. The Quintuple Helix concept is a usefincept to understand and analyse
how knowledge is created and exchanged in a coldibe innovation development
ecosystem. It also supports the need to involveoadbrange of stakeholders; including
the notion of the ecological environment as a wigstistakeholder’. When innovations
are being developed collaboratively in an innovageosystem, innovation practitioners
and academics should also take into account thkegical environment. While such
awareness is growing in most organizations, thiwedision is not present in most
Distributed Innovation theories and processes. Abab Living Lab, which can be
considered a local innovation ecosystem, can gemexad evolve tacit and codified
knowledge while focusing on the exchange of knogéedithin a natural environment
system. This way, both the innovation outcomesthadirban socio-ecological transition
can become more sustainable and recover ecoldzatahce, thus ensuring the quality of
life for future generations.
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