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a b s t r a c t

This exploratory study, investigating the role of Living Labs (LLs) in promoting innovation and sustain-
ability, has two main goals. Firstly, it seeks to understand how stakeholders and users, in a Quadruple
Helix Model, can participate in LL activities and support the process of achieving a more sustainable
society. Secondly, it guides the setting up of LLs with the aim of directly contributing to the United
Nations Sustainable Development Goals (UN SDGs). Research, based on a multiple case study, has shown
that LLs are able to actively engage users, including firms and business systems, in promoting co-creation
of value so as to benefit the economy, society and the environment. We have selected some good
practices and derived some policy implications that could inspire LLs to promote innovation and
encourage transition towards sustainable development at the local level, within the context of a QHM
model.

© 2020 Published by Elsevier Ltd.
1. Introduction

The global economy is moving towards a knowledge-intensive
model and the European Union (EU) has identified innovation as
a key driver (Gray et al., 2014) for economic and social growth. At
the same time, sustainability has increasingly become a global
challenge (Hossain et al., 2019). Indeed, in September 2015, 193
countries met to define and adopt the 17 Sustainable Development
Goals (SDGs) of the 2030 Agenda for Sustainable Development.
Companies, individuals, governments, universities and non-
governmental organizations (NGOs) must all contribute to protect
the planet, to end poverty and to ensure peace and prosperity (UN
General Assembly, 2015). Although various studies have dealt with
sustainable development and innovation (Mulder, 2007), the rela-
tionship between innovation and sustainability processes is neither
obvious nor simple. Indeed, sustainable development can only be a
structural driver for innovation if it is pursued adopting a trans-
disciplinary approach (Fourati-Jamoussi et al., 2019).

Thus, European policy makers are being encouraged to
sity of Macerata, Piaggia della

. Compagnucci).
strengthen the capacity of regions to support innovation and stra-
tegic knowledge assets (Etzkowitz and Klofsten, 2005), which are
based on sustainable, trans-disciplinary and hybridized approaches
(Arnkil et al., 2010). Furthermore, governments have invited uni-
versities to contribute to innovation and sustainable development
by working with scholars, faculty staff and students and, with their
stakeholders (Purcell et al., 2019). Along with governments, both
NGOs and business corporations can also play a vital role in
achieving sustainability (Weiss and Gordenker, 1996). Moreover,
multinational corporations (MNCs) and companies are legally
constrained to adopt sustainable practices with both their stake-
holders and with society (Abad-Segura et al., 2019). Indeed, MNCs
can fruitfully engage with the SDGs on voluntary basis too, if they
are prepared to broaden their interpretation of business sustain-
ability and to reflect upon their values (Fleming et al., 2017). Indeed,
in response to calls from the global community, companies are
increasingly adopting a variety of voluntary practices in order to
improve the environmental and/or social management of their
suppliers’ activities (Thorlakson et al., 2017). However, even though
companies in the major emerging national economies have been
trying to adopt UN SDGs, some important goals have not yet been
achieved (Ali et al., 2018).

To meet these challenges, some have suggested adopting the
Triple Helix Model (THM) for innovation (Etzkowitz, 1998, 2003)
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1 Target 9.5. “Enhance scientific research, upgrade the technological capabilities
of industrial sectors in all countries, in particular developing countries, including,
by 2030, encouraging innovation and substantially increasing the number of
research and development workers per 1 million people and public and private
research and development spending”.

2 Target 11.A. “Support positive economic, social and environmental links be-
tween urban, peri-urban and rural areas by strengthening national and regional
development planning”.

3 Target 17.16. “Enhance the global partnership for sustainable development,
complemented by multi-stakeholder partnerships that mobilize and share knowl-
edge, expertise, technology and financial resources, to support the achievement of
the sustainable development goals in all countries, in particular developing coun-
tries”. Target 17.17. “Encourage and promote effective public, public-private and civil
society partnerships, building on the experience and resourcing strategies of
partnerships”.
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as a possible source of inspiration for local development policy-
makers (Rodrigues and Melo, 2012), since it brings together in-
dustries, universities, and Government. However, predominantly
innovation-based collaboration between these stakeholders, may
simply not be enough to meet, and satisfy, the real needs of so-
ciety (Gray et al., 2014). Indeed, the THM has progressively given
way to the Quadruple Helix Model (QHM) (Priday and Pedell,
2017) which was originally described by Carayannis and
Campbell (2009) and Yawson (2009). Crucially, the QHM also
considers the citizens themselves to be key actors in a regional
innovation ecosystem (Carayannis et al., 2012; Leydesdorff, 2012).
As highlighted by Almirall et al. (2012), when Time Magazine
(TIME USA LLC, 2006) selected “the user” as the person of the year
for its front page, it was acknowledging the growing importance
of citizen involvement in innovation processes. This inclusion,
offered by the fourth helix is crucial, because scientific knowledge
is also evaluated on the basis of its social robustness, inclusivity
and sustainability (Arnkil et al., 2010). Indeed, over the past fifteen
years Europe has been shifting its focus onto public and private
linkages by placing citizens at the heart of the innovation process
(European Commission, 2013; Priday and Pedell, 2017). To achieve
their target, the European Commission (EC) has, since 2006, been
promoting Living Labs (LLs). LLs have been recognized as a inno-
vative tool that offers opportunities for testing, validation,
development and co-creation at all stages of a design and
commercialization process (Buhl et al., 2017; Leminen et al., 2017)
by synchronizing the innovation processes among the actors of
the QHM (Issa et al., 2018). In other words, LLs have been proposed
as a possible platform for quadruple helix innovation (European
Commission, 2016; Priday and Pedell, 2017).

The LL model, as innovation platform, has been studied in
relation to sustainability (e.g. Bakıcı et al., 2013) and users. LLs can
become part of a transformative institutional change that draws
on both top-down and bottom-up strategies in the pursuit of
sustainability (Purcell et al., 2019). The literature states that LLs
emerge as a type of collective governance and experimentation
carried out, especially in urban areas, to address sustainability
(Voytenko et al., 2016). Indeed, LLs are seen as a practical meth-
odology for improving sustainability in cities by facilitating both
collaborative learning and innovation by responding directly to
the needs of users (Van Geenhuizen, 2019). Levenda (2019) has
investigated LLs and citizens as key actors in experimentation that
seeks wider sustainability transitions. Furthermore, the literature
has recently analyzed the potential of LLs to anchor sustainability
both within the functioning of the university itself and in its in-
teractions with the neighborhood (Trencher et al., 2014; Vargas
et al., 2019).

Although LLs have become a popular tool (Franz, 2015), their
nature remains underexplored (Hossain et al., 2019). From the
general point of view, LLs are neither backed up by a consistent
research stream nor by supporting theories (Eriksson et al., 2005;
Ståhlbr€ost and Bergvall-Kåreborn, 2008). In particular, the role of
stakeholders is unclear within LLs (Leminen et al., 2015a) and there
is a lack of understanding about the relationship between LLs and
user communities (Hossain et al., 2019). Methods, structures and
practices should be further analyzed within LLs in order to ensure
both knowledge sharing and effective interactions between QHM
actors, (Franz, 2015; Friedman and Miles, 2006; Mainardes et al.,
2011; Vecchio et al., 2017).

However, from a sustainability perspective, the way in which
LLs contribute to sustainability transitions has yet to be explored
(Von Wirth et al., 2019), as does just how the co-creation of
knowledge and practices takes place within LLs to address sus-
tainability challenges (Puerari et al., 2018). At the same time, there
is also a need to focus on how the involvement of stakeholders can
2

facilitate the achievement of sustainability targets (Menny et al.,
2018).

This exploratory study seeks to contribute both to the literature
on LLs and on their role in promoting innovation and sustainability,
through engaging users. The paper has two aims. Firstly, it seeks to
understand how QHM stakeholders participate in LL activities and
the way in which they contribute to achieving UN SDGs. Secondly,
the paper intends to promote the setting up of LLs, by identifying
some good practices that could support user engagement in the
process of sustainable product and service innovation. To do this,
we have used a multiple case study methodology which involves
the partners in the Horizon 2020 Twinning Programme “Alhtour -
Assisted Living technologies for the Health Tourism sector” and
their LLs, and the University of Lisbon. The LLs include CreaHUB
(University of Macerata - Italy) which is an LL on creativity and
innovation, the Living Lab on Ageing and Long-Term Care (Maas-
tricht University - The Netherlands) and InnovAge (The Catholic
University of Leuven - Belgium).

Given the aims, and activities, carried out by the LLs selected, the
study focuses on the following UN SDGs: SDG.9. “Build resilient
infrastructure, promote inclusive and sustainable industrialization
and foster innovation”with reference to target 9.5.1; SDG.11. “Make
cities and human settlements inclusive, safe, resilient and sus-
tainable” with reference to target 11.A.2; and SDG.17. “Strengthen
the means of implementation and revitalize the global partnership
for sustainable development” with reference to targets 17.16. and
17.17.3

The paper addresses the following research questions:

1. How can LLs support interactions between users, universities,
industry, and governments within the QHM?

2. How can LLs intercept and absorb the contribution of stake-
holders within the innovation process of sustainable products
and services?

3. How can LLs contribute to achieving SDGs, with particular
reference to SDGs 9.5., 11.A., 17.16. and 17.17.?

The intended audience for this paper is scholars, LL designers
and policy makers.

The remainder of this paper is structured as follows. Section 2
sets out the theoretical framework. It provides an overview of the
definition, origins and evolution of LLs in Europe, and reviews the
literature of the QHM for innovation of civil society-academia-
industry-government relations, emphasizing the role LLs as inno-
vation platforms. It then outlines the relationship between LLs,
users, and sustainability. Section 3 focuses on the methodology,
including case studies, data collection, and survey coding. Results
and discussion (4) follow. Lastly, Section 5 offers conclusions and
suggests avenues for future research.



Table 1
Different perspectives on LLs (Source: Authors’ elaboration).

Definition Sources

LLs include “a research methodology for sensing, prototyping, validating and refining complex solutions in multiple and
evolving real-life contexts”

Eriksson et al. (2005)

An LL is “an experimentation environment in which technology is given shape in real-life contexts and in which (end) users are
considered ‘co-producers’”

Ballon et al. (2005)

An LL represents “an R&D methodology where innovations, such as new services and products, or application enhancements,
are created and validated in collaborative, multi-contextual, empirical, real-world environments within individual regions”

de Leon et al. (2006)

LLs “are experimentation and validation environments characterized by early involvement of user communities, closely
working together with developers and other stakeholders, and driving rapid cycles of ICT-based innovations”

Schaffers and Kulkki (2007)

LLs are “collaborations of public-private-civic partnerships in which stakeholders co-create new products, services, businesses
and technologies in real-life environments and virtual networks in multi-contextual spheres”

Feurstein et al. (2008)

An LL is an innovation intermediary community which shares the view of a user innovation approach Ståhlbr€ost and Bergvall-Kåreborn (2008)
An LL consists of a social configuration which is arranged for innovation creation by contact, communication and collaboration Dutilleul et al. (2010)
An LL is an enhancement or implementation of public and user involvement, such as a public-private-people partnership (4Ps or

quadruple helix)
(Arnkil et al., 2010; Ferrari et al., 2011;
Molinari, 2011)

LLs are “open innovation intermediaries that seek to mediate between users, research, and public and private organizations,
(and to) advance our concept of technology transfer by incorporating not only the user-based experimentation, but also by
engaging firms and public organizations in a process of learning and the creation of pre-commercial demand”

Almirall and Wareham (2011)

LLs are “experimentation environments: (they) are physical regions or virtual realities where stakeholders form public-private-
people partnerships (4Ps) of firms, public agencies, universities, institutes, and users all collaborating for creation,
prototyping, validating, and testing new technologies, services, products and systems in real-life contexts”

Westerlund and Leminen (2011)

An LL is an innovation intermediary community which shares the view of a user innovation approach Stahlbrost and Kareborn (2011)
An LL is “a user-centered open innovation ecosystem integrating research and innovation within a public-private-people

partnership (PPPP) through an iterative Experiential Design process”
Pallot and Pawar (2012)

An LL provides “a setting for collaborative innovation by offering a collaborative platform for research, development, and
experimentation with product and service innovations in real-life contexts, based on specific methodologies and tools, and
implemented through concrete innovation projects and community-building activities”

Schaffers and Turkama (2012)

An LL is a multi-actor innovation network which “employs heterogeneous roles and resources”, “shares information to enable
flexibility”, “reveals undefined and later need”, and where the “lack of strict objectives guides collaboration and outcomes”

Leminen and Westerlund (2012)

LLs are a way to catalyze regional systems of innovation, strengthening andmakingmore effective the organization’s innovation
capabilities and reducing market-based risk

(Franz, 2015; Kviselius et al., 2009;
McPhee et al., 2013)

LLs “represent a pragmatic approach to innovation (of ICTs and other artifacts), characterized by experimentation in real-life
and active involvement of users”

Ballon and Schuurman (2015)

4 (openlivinglabs.eu/aboutus).
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2. Theoretical framework

2.1. Living Labs in Europe: definition, origin and evolution

The LL concept first appeared in academic discussions in the
1990s. The term LL was introduced by Prof. William Mitchell at
Massachusetts Institute of Technology in the early 2000s, to
describe a user-centric research methodology for sensing, proto-
typing, validating and refining complex solutions in multiple and
evolving real life contexts (Eriksson et al., 2006; Van Geenhuizen,
2019). In Europe, LLs only really took off in 2006, when the Euro-
pean Commission (EC) funded Corelabs and Clocks, two projects
that sought to create policy measures which could advance, coor-
dinate and promote a common European innovation system
(Dutilleul et al., 2010; Veeckman et al., 2013). The pan-European
network ENoLL (European Network of Living Labs), consisting of
19 core LLs, was set up around the same time. ENoLL has pursued
the objective of tackling Europe’s declining economic competi-
tiveness and societal challenges (Mastelic et al., 2015; Ståhlbr€ost,
2013). Two years later, European LLs were further supported
when another EC initiative, “Strengthening Innovation and In-
vestment in ICT research” was set up (Peltom€aki, 2008).

Although there have been numerous attempts to define what an
LL is (Table 1), there is still no, one, widely accepted definition
(Baccarne et al., 2013; Dell’Era and Landoni, 2014; Følstad, 2008;
Kviselius et al., 2009; Leminen et al., 2015a; Tang et al., 2012). It was
only in the 2000s that LLs finally evolved from being seen only as a
research infrastructure, such as a building, or a set of buildings,
replicating a home with the facilities to support temporary resi-
dents/experimental subjects, and began to be acknowledged as a
dynamic multi-stakeholder network: a network that aims to boost
and manage user-driven innovation in real-world settings (Pino
et al., 2014), or to stimulate interaction between technological
3

and socio-economic forces (Franz et al., 2015; Pascu and van
Lieshout, 2009).

According to the European Commission (2009), an LL is defined
by the four “P’s", public-private-people-partnership, as the focus of
collaboration. More specifically, an LL is “a user-driven open inno-
vation ecosystem based on a business-citizens-government part-
nership which enables users to take active part in the research,
development and innovation process”. This definition was also
offered by Leminen et al. (2012) who were the first to support the
goal of collaboration in order to create, prototype, validate and test
new technologies, services, products and systems in real-life con-
texts. The ENoLL defines LLs as “user-centered, open innovation
ecosystems based on a systematic user co-creation approach,
integrating research and innovation processes in real-life commu-
nities and settings”. Furthermore, ENoLL argues that LLs act as
“intermediaries between citizens, research organizations, com-
panies, cities and regions for joint value co-creation, rapid proto-
typing or validation to scale up innovation and businesses.”4

Scholars have yet to agree upon a definition of an LL because it is
still an evolving and noteworthy topic in the field of open and user
innovation (McPhee et al., 2012). Indeed, LLs cover a wide range of
fields and sectors, and also include a wide variety of expertise as
well (Kviselius et al., 2009). However, a recent systematic literature
review carried by Hossain et al. (2019) has identified the state of the
art key characteristics of LLs (Table 2).

As far as what could be described as current thinking is con-
cerned, besides being test-beds for new products, services, systems
and solutions, LLs also provide a platform for collective innovation
and development and a source of information (Almirall and
Wareham, 2011; Leminen et al., 2015b). Moreover, LLs make it
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possible to cut innovation costs, to reduce market-based risk
(McPhee et al., 2013) and to spread research costs (Kviselius et al.,
2009). Furthermore, LLs facilitate cost-sharing for experimental
and service delivery infrastructures (de Leon et al., 2006; Dutilleul
et al., 2010). Thus, LLs are attracting more and more attention as
they offer an interesting example of a network-based form of multi-
actor collaboration (Dell’Era and Landoni, 2014; Leminen et al.,
2015b; 2012; McPhee et al., 2016). Indeed, LLs operate as an open
and dynamic research and innovation ecosystem involving solution
developers (technology push), research labs and universities
(knowledge and technology), local authorities and policy makers
(inclusion and social wealth), and user communities (application
pull) (Leminen et al., 2012; Vecchio et al., 2017).

Leminen et al. (2012) distinguish four models of LLs (Table 3) on
the basis of the type of actor that drives the activities of the LL: i)
utilizer-driven LLs, which are mainly managed by companies to
develop their business; ii) enabler-driven LLs, which are public
sector projects built around regional development targets; iii)
provider-driven LLs launched by developer organizations, such as
educational institutes, universities or consultants, to promote
research and knowledge creation; and iv) user-driven LLs, estab-
lished by the user community itself, that focus on addressing spe-
cific challenges for the users and, consequently, benefitting other
stakeholders either directly or indirectly.

Users were only recently included in the list of main LL stake-
holders. Encouraged by several European initiatives, LLs are now
seen as offering an opportunity for actively involving users in
innovation activities, both in public-private-people partnerships
and in real-life environments (McPhee et al, 2015, 2016;
Schuurman and Marez, 2012). In other words, LLs offer an explor-
ative and user-centered space combining research with innovation
processes (Franz, 2015), one that turns users from being mere,
observed subjects, into active participants, co-creators of value
(McPhee et al., 2012).
2.2. The Living Lab as an innovation platform for the Quadruple
Helix Model

The European Union is extremely effective when producing
knowledge, but not as effective when it seeks to transfer it to the
market (Compagnucci and Spigarelli, 2018). Indeed, Europe some-
times fails to turn knowledge into added value either for society or
for markets (Barbieri et al., 2013; Conti and Gaule, 2011). A THM for
innovation (Etzkowitz, 1998, 2003) could prove useful when
addressing this knowledge/value issue by offering suggestions, thus
becoming a source of inspiration, for local development policy
(Rodrigues and Melo, 2012). A THM is a key component of any
national or multi-national innovation strategy (Etzkowitz and
Leydesdorff, 1997), as well as being important for reducing some
factors hindering regional development (Etzkowitz and Ranga,
2010). The model describes the formation of a knowledge-
intensive society which is based on cooperation between
Table 2
Key characteristics of LLs based on the existing literature (Source: Hossain et al., 2019).

Characteristics Sources

Real-life environments (context) (Bergvall-Kåreborn et al., 2009; Følstad, 2
Stakeholders (Bergvall-Kåreborn et al., 2009; Følstad, 2
Activities (Følstad, 2008; Leminen and Westerlund
Business models and networks (Bergvall-Kåreborn et al., 2009; Leminen
Methods, tools, and approaches (Bergvall-Kåreborn et al., 2009; Leminen
Challenges (Følstad, 2008; Guzm�an et al., 2013; Lem
Outcomes (Følstad, 2008; Leminen and Westerlund
Sustainability (Bakıcı et al., 2013; Leminen et al., 2016;
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academia, industry, and government (Etzkowitz and de Mello,
2004). Furthermore, a THM is considered to be a point of refer-
ence for designing policies that aim to improve both the conditions
and the support for innovation processes (Rodrigues and Melo,
2013) that take place across national boundaries through cooper-
ative arrangements between regions and firms (Etzkowitz and
Leydesdorff, 1997; Kohler-Koch, 1995). Indeed, institutional
spheres may converge and boundaries become blurred and,
academia too, plays a crucial role in fostering innovation
(Leydesdorff and Etzkowitz, 2001).

However, innovation-based collaboration between industry,
academia, and government, may not be enough to really address,
andmeet, the needs of citizens and the emerging challenges related
to sustainable development (Gray et al., 2014). Consequently, the
THM for innovation has progressively given way to the Quadruple
Helix Model (QHM) (Priday and Pedell, 2017), which was initially
suggested by Carayannis and Campbell (2009) and Yawson (2009).
A THM has 3 actors, while a QHM introduces a fourth helix: Civil
Society. A QHM considers citizens as key actors in a regional
innovation ecosystem (Carayannis et al., 2012; Leydesdorff, 2012),
as co-creators of a future that goes far beyond the scope of what any
one organization, or person, could do alone (Priday and Pedell,
2017). In this model, citizens are not only involved in product
development and testing, rather, they actively participate in de-
velopments by suggesting new innovations, thus connecting users
to stakeholders (Arnkil et al., 2010). Indeed, the QHM encompasses
user-oriented innovation models, to take advantage of the cross-
fertilization of ideas that leads to experimentation, and to proto-
typing in a real-world setting (Ballon and Schuurman, 2015; Priday
and Pedell, 2017).

The inclusion of the fourth helix is crucial because scientific
knowledge is also evaluated for its social robustness and inclusivity
(Arnkil et al., 2010). Indeed, Europe has recently shifted public and
private linkages towards placing citizens at the heart of the inno-
vation process (European Commission, 2013; Priday and Pedell,
2017). Within such a process, scholars, entrepreneurs, and policy
makers are all called upon to cooperate through more direct, and
dynamic, involvement of citizens (Vecchio et al., 2017). To do this,
the European Commission started to introduce LLs in 2006. LLs
were, and are, promoted as a novel tool that offers a space for
testing, validation, development and co-creation at all stages of a
design and commercialization process (Buhl et al., 2017; Leminen
et al., 2017) by synchronizing the innovation process among QHM
stakeholders (Issa et al., 2018). In other words, the LL is emerging as
a platform for quadruple helix innovation (European Commission,
2016; Priday and Pedell, 2017) where competencies and competi-
tive advantage can be enhanced (Dell’Era and Landoni, 2014;
Leminen et al., 2012; Pascu and van Lieshout, 2009).

The creation of LLs is just one of the responses of the EU,
introduced in the context of the QHM, to tackle economic
competitiveness, and societal and sustainable challenges, (Dutilleul
et al., 2010). In particular, LLs are designed to, hopefully, overcome
008; Leminen and Westerlund, 2016; Mulder et al., 2008; Voytenko et al., 2016)
008; Leminen and Westerlund, 2016; Mulder et al., 2008; Voytenko et al., 2016)
, 2016; Mulder et al., 2008; Voytenko et al., 2016)
and Westerlund, 2016; Mulder et al., 2008; Voytenko et al., 2016)
and Westerlund, 2016; Mulder et al., 2008)
inen et al., 2015a)
, 2016; Mulder et al., 2008)
Nevens et al., 2013; Nystr€om et al., 2014; Rodrigues and Franco, 2018)



Table 3
Models of LLs according to the type of actors (Source: Authors’ elaboration of (Leminen et al., 2012)).

Characteristic Model of Living Labs

Utilizer-driven Enabler-driven Provider-driven User-driven

Purpose Strategic R&D activity with preset
targets

Strategy development
through action

Operations development through increased
knowledge

Problem solving by collaborative
accomplishments

Organization The network forms around a utilizer,
who organizes action for rapid
knowledge result

The network forms around a
region (regional
development) or a funded
project (e.g. public funding)

The network forms around a provider
organization(s)

The network is initiated by users and
lacks formal coordination mechanisms

Action Utilizer guides information
collection from the users and
promotes knowledge creation that
supports achieving preset goals

Information is collected and
used together, and
knowledge is co-created in
the network

Information is collected for either immediate
or postponed use; new knowledge is based
on the information that the provider obtains
from the others

Information is not collected formally
and builds upon users’ interests;
knowledge is utilized in the network to
help the user community

Outcomes New knowledge for product and
business development

Guided strategy change into a
preferred direction

New knowledge supporting operations
development

Solutions to users’ everyday-life
problems

Lifespan Short Short/medium/long Short/medium/long Long
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the so-called “European Paradox”, namely the gap between
knowledge production and knowledge transfer, and the commer-
cial success of innovation (Almirall and Wareham, 2011; Herranz
and Ruiz-Castillo, 2013). In the QHM framework, LLs are media-
tors between innovation stakeholders (Almirall and Wareham,
2011; Ståhlbr€ost, 2012) and are designed to stimulate interaction
between technological and socio-economic forces (Pascu and van
Lieshout, 2009). They offer the potential for academia, industry
and society to co-create knowledge, products and services (Almirall
et al., 2012).
2.3. Living Labs, users and sustainability

Sustainability has been defined as “development that meets the
needs of the present while safeguarding Earth’s life-support sys-
tem, on which the welfare of both current and future generations
depends” (Griggs et al., 2013). According to Vargas et al. (2019),
sustainability is an equilibrium among the ecological, social and
economic dimensions of human life. In the context of an LL, sus-
tainability refers to its viability and responsibility to the community
within which it operates (Bergvall- Kåreborn et al., 2009). This
means that LLs are able to be concerned with environmental,
economic and social effects (Hossain et al., 2019).

Recently there has been renewed interest in LLs as a
sustainability-oriented cross-cutting approach to the SDGs
(Trencher et al., 2014; Evans et al., 2015). LLs can frame co-creation
for sustainability in two ways: firstly, consulting users and stake-
holders allows complementary sets of projects to offer holistic so-
lutions to sustainability challenges; secondly, LLs are able to
develop the iterative process of experimenting and learning from
year to year. This means that they are able to provide a coherent
basis for action over time (Evans et al., 2015). In particular, users can
be engaged within LLs to contribute to designing and developing
innovations (Nystr€om et al., 2014) and, also, to testing new ways of
addressing sustainability challenges (Bulkeley et al., 2016). In this
sense, an LL could be broadly defined as a situation, or circum-
stance, where real-world sustainability challenges are formally
addressed in stakeholder partnerships (K€onig and Evans, 2013).

Thus, along with the ‘archetype’ of LLs as test-beds, LLs can also
be based on co-creation (Følstad, 2008) as the main process for
value creation to benefit society, the environment and the economy
(Lev�en and Holmstr€om, 2008). This means that an LL can act as a
bridge between open innovation and user innovation within the
QHM. To do this, LLs must involve the creative and innovative po-
tential of users, so as to gain better insights into the possibilities,
opportunities and restrictions of innovations (Schumacher and
Feurstein, 2007). Therefore, LLs do not simply offer a network of
5

infrastructures and services, but are themselves a new way of
dealing with user-driven innovation and sustainability challenges
(Mulder, 2012). Indeed, users are increasingly being considered as
co-producers when developing new services and new uses for
devices and infrastructures (Pascu and van Lieshout, 2009). This
means that LLs are moving away from the image of citizens as mere
consumers of products and services (Arnkil et al., 2010), thus
changing consumers’ traditional role of observed subjects for
testing products/services, into one of active co-creators of value
(McPhee et al., 2013).

Although user engagement has now been recognized as a key
element in LLs (Mulder et al., 2008) thus indicating a shift towards
co-creation (Leminen et al., 2014), the literature emphasizes that
user engagement could be further promoted by focusing on sus-
tainability challenges and by stimulating users to express their
opinions in order to obtain sustainable outcomes (Buhl et al., 2017).
Furthermore, it has been observed that engaging users in the
innovation process improves company performance across various
industries (Edvardsson et al., 2010; Leminen, 2013). In particular,
users contribute to speeding up development processes and to
lowering costs (Leminen et al., 2015b). Users’ knowledge too offers
a valuable resource for innovation because it fosters understanding
of real-life situations where products and services are involved
(Poetz and Schreier, 2012; Rajala et al., 2013). Thus, LLs seems to be
the latest stage of a continuum of versatile forms of open and of
user innovation (Leminen et al., 2012).

Depending on the context, users could be companies, public
bodies, professional users, consumers, employers, employees and,
also, residents (Arnkil et al., 2010; Vecchio et al., 2017). Kaulio
(1998) identified innovation/design for, with and by users within
LLs from a theoretical perspective (Table 4). In this framework,
users can either be perceived as subjects to be studied in a
controlled laboratory environment or, can become equal-co-
creators, adopting versatile roles (Leminen and Westerlund, 2012)
in order to contribute to the innovation process of sustainable
products and services.
3. Materials and methods

3.1. Case studies

In this paper, we have used a multiple case study methodology
which is a qualitative form of inquiry (Birkner et al., 2017). It has
enabled us to analyze processes which are poorly understood
(Eisenhardt, 1989). A case study is considered a suitable strategy
when addressing the “how” and “why” questions in exploratory
research which studies a contemporary phenomenon (Eisenhardt,



Table 4
Users and innovation approaches in LLs (Source: Authors’ elaboration of Kaulio, 1998).

Approach Characteristic

Design for an innovation approach where user involvement is limited to passive user feedback
Design with a method mainly grounded on co-creation, as users and manufacturers work together in an iterative way
Design by an innovation approach where users innovate themselves
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1989; Yin, 1994). Moreover, a case study promotes deeper under-
standing of the complexity of an organization from an insider
perspective, rather than being based merely on information
gleaned from statistics (Ståhlbr€ost, 2013).

The case studies we have considered here are three LLs in three
different European countries: CreaHUB Atelier di idee, which is
supported by the University of Macerata in Italy; the Living Lab in
Ageing and Long-Term Care, overseen by Maastricht University in
the Netherlands; and InnovAge, which is managed by the Catholic
University of Leuven in Belgium (Table 5). These LLs were selected
because the universities, along with the University of Lisbon, are
partners in a Horizon 2020 Twinning Programme entitled “Alhtour
- Assisted Living technologies for the Health Tourism sector”. The
final goal of the project is to set-up a ‘Health Tourism Living Lab’ in
the Lisbon area: health tourism has been identified as a key driver
for territorial development.

The case studies all offer interesting points of reference because
they bring together the common efforts of local stakeholders to
address specific innovation challenges by engaging users. These
case studies also provide insights that could be of use to LLs facing
similar issues elsewhere. In particular, this analysis contributes to a
better understanding of how the actors of a QHM participate in LL
activities and of which practices can, and could, enhance user
engagement in the innovation process.
3.2. Methodology and data collection

The study is based on both desk research and on an on-line
survey. The methodology adopted is based on a five-stage
approach followed by analysis of the data collected through
questionnaires.

This stages, summarized in Fig. 1, are described below:

� Stage 1: an initial phase of brainstorming to glean insights from
researchers and both public/private partners and stakeholders
within the Alhtour project. To do this we performed brain-
storming discussions with fellow-researchers and stakeholders
in the Alhtour project and initiated informal conversations, calls
and mail correspondence in English with representatives of the
LLs. Through these informal conversations we gathered infor-
mation from between three and five representatives of each
Living Lab. Their positions in their respective LLs ranged from
Ph.D. students who used the LL, to the Head of an Industrial
Liaison Office, Scientific Coordinators, or Steering Committee
members. The topics broached in these conversations included,
for example, setting up an LL and the business models used for
sustainable operations. This strategy was adopted in order to
make the approach more flexible as well as to offer a way to
Table 5
Case studies (Source: Authors’ elaboration).

Living Lab University

CreaHUB, Atelier di idee University of Macerata
Living Lab in Ageing and Long-Term Care University of Maastricht
InnovAge Catholic University of Leuven
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gather personal thoughts (and opinions) regarding the chal-
lenges that have to be met when involving users in the inno-
vation process. This method also allowed us to obtain valuable
information because the representatives of LLs revealed expe-
riences, reactions and concerns which would not have been
available elsewhere (Creswell, 2013). As a result, this explorative
stage made it possible to contextualize the study within both
the European and the Lisbon frameworks. Information relating
to contacts and procedures in each of the LLs studied was also
gathered as well as regarding what steps could be taken to
obtain detailed responses from their representatives.

� Stage 2: we performed a literature review of peer-reviewed
scientific papers mainly using Elsevier’s Scopus database. The
analysis also included grey literature, such as policy documents
and reports, drafted by national and European institutions
engaged in the LL domain. We also collected documentation
referring to strategic plans and operating standards from all
partners in the Alhtour project and from representatives of the
LLs. This was done to permit data triangulation (Blaikie, 2000)
on research which focused on the questions of user-
involvement, innovation and sustainability. As the main
output, we have summarized the creation of LLs in Europe and
themain EC initiatives as well as themain practices within these
three domains, as featured in section 2.

� Stage 3: next, we developed and tested an on-line survey. After
the structure had been aligned, we discussed which questions
(and inwhich form) to include in each domain. This process was
also always heavily supported by the domains present in the
literature studied (stage 2). The survey was made up of a total of
77 mixed open and closed questions distributed among 15
sections. The sequence of open-ended and closed questions
made it possible not only to evaluate respondents’ personal
understanding of, and attitude to, the issues dealt with, but also
to obtain standardized, hence comparable, answers which were
functional, useful, for broader comparisons (Selltiz et al., 1976).
The impact of the size of the survey on the quality of the self-
reported responses was considered in the survey design
phase. Several of the open-ended questions were dependent on
the values of previous answers, which meant that it was highly
unlikely that one respondent needed to answer all the ques-
tions. The platform where the survey was deployed allowed
respondents to break off and save their answers and then return
to the survey later. The respondents selected were all partici-
pants in the Alhtour project, hence strongly motivated to pro-
vide quality responses. The first section of the survey concerned
general information both about the LL and the overall environ-
ment in which was operating. Respondents were also invited to
outline the characteristics of the partners and the framework of
Country Domain

Italy Cultural and creative industries, including tourism
The Netherlands Health and ageing
Belgium Active ageing



Fig. 1. Flowchart of methodology (Source: Authors’ elaboration).
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the LL uniting them. The survey focused on the engagement and
the contributions of users, universities, private stakeholders
(companies) and governments both in, and to, the activities and
the innovation processes within the LL. They were then asked to
describe the governance and management of the LL. Re-
spondents were invited to describe, explain and assess those
practices that had been, and were being, developed by the LL, in
order to foster innovation by first engaging and then increas-
ingly involving users more and more. The survey ended with a
set of questions focusing specifically on how LLs can or could
7

promote sustainability and how they were, and are, able to
promote the UN SDGs. Ethical principles were observed when
writing the survey (Groves et al., 2011).

� Stage 4: the survey was forwarded to representatives of the
three LLs studied for compilation.

� Stage 5: the on-line survey was coded. We decided to base our
analysis on coding (Auerbach and Silverstein, 2003) because a
large amount of the information collected through the surveys
was qualitative data. After a review of the literature, we decided
to apply deductive coding (Fereday and Muir-Cochrane, 2006)



Table 7
Coded units for the Areas theme (Source: Authors’ elaboration).

Theme Areas

Codes Active ageing Culture and related sectors Health Tourism

Italy 1 19 2 1
Belgium 3 0 20 0
Netherlands 4 0 3 0
Total 8 19 25 1
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for our analysis. The codebook, drawn up after the literature
review, is shown in Table 6. Two independent coders coded the
three on-line surveys. Afterwards, both coders went over the
coded corpus and reached a coding consensus. After consensus,
991 units in the corpus were coded by one of the 58 unique
codes presented in Table 6. In the following section, we report
the results related to each theme. The table groups the codes
into the main themes in the codebook. For each main theme,
there is a table showing the units for each LL and the sum of
units of all LLs.
4. Results

The context of each LL clearly defines their Areas of activity.
Table 7 reports the number of units coded in on this theme in each
on-line survey. While both the LL InnovAge (Belgium) and the
Living Lab in Ageing and Long-Term Care (the Netherlands) focus on
the health domain, in particular on exploring ways of supporting
long-term care, the CreaHUB Living Lab (Italy) has a different target
area as it largely focuses on the cultural and market opportunities
of the Marche Region. However, CreaHUB does address the ques-
tion of “silver tourism”, which falls under active ageing, thus
approaching the domain from a different perspective.

Table 8 presents the number of units coded with LL Character-
istics theme codes. As can be seen, the different topics of this theme
were all explored, to some extent, explored. However it should be
noted that methods, tools, and approaches were the main topics in
most answers. It is clear that the CreaHUB LL focused more on
business networks and different stakeholders than did the other
two LLs.

As one would expect, the activities in each LL are connected to
their area(s) of operation. The CreaHUB LL (IT) seeks not only to
support new entrepreneurial initiatives but also to regenerate
existing activities in both cultural and creative sectors. This is
achieved through joint events, through training, and by supporting
Table 6
Themes and codes used to analyze the survey (Source: Authors’ elaboration).

Theme Code

Areas Active ageing
Culture and related sectors
Health
Tourism

Living Lab Location Belgium
Italy
Netherlands

Innovation Open innovation
Process
User-driven

Operationalization Governance
Intellectual Property Rights (IPRs)
Management

Roles Enabler
Provider
Utilizer

Costs Cost-sharing
Innovation costs
Research costs

Activities Co-creation
Collaboration
Commercialization
Development
Prototyping
Testing
Validation

Sustainability Strategy
Initiative
Spin-off effect
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local organizations in European projects. However, InnovAge (B),
focuses on applied research and innovation activities, while Living
Lab in Ageing and Long-Term Care (NL), focuses more on scientific
research. The activities conducted reflect the orientation, the
business models and the networks explored in each LL. CreaHUB
wants to attract human and economic resources through partici-
pation in networks, and through calls for both public and private
funding for projects. It is a member of several associations, both
national and European. InnovAge too, participates in networks that
help its members to get in touch with local, national and interna-
tional stakeholders. Through such networks, members of these
networks can benefit from collaborative research activities and
private stakeholders are able to seek business opportunities for
their new products and services. The network established by the
Living Lab in Ageing and Long-Term Care helps and encourages its
members to create synergies in business plan development, to
exchange good practices, to implement cross-border collaboration
and, to accelerate innovation. Such infrastructures are directly
related to the supporting environment created by the LL. However,
CreaHUB is a real-life environment, both the Belgian and the Dutch
LLs are virtual environments, whereas CreaHUB also offers physical
spaces for meetings, workshops, and even offices for start-ups.
Indeed, these spaces are also used by the University of Macerata
and by local associations.

The different approaches explored in all three of the LLs
Theme Code

Living Lab Characteristics Activities
Business models
Business networks
Challenges
Infrastructure
Methods, tools and approaches
Outcomes
Real-life environment
Stakeholders
Virtual environment

Context Inclusivity
Networks
Policy
User needs

Outputs Creativity
Good practices
Knowledge production
Knowledge transfer
Local development
Transdisciplinarity
User engagement

Actors Citizens
Government
Industry
University

Sustainability Activities
Sponsors
Challenges
Benefits



Table 8
Coded units for the LL Characteristics theme (Source: Authors’ elaboration).

Theme LL Characteristics

Codes Activities Business
models

Business
networks

Infrastructure Methods, tools,
approaches

Outcomes Real-life
environment

Stakeholders Virtual
environment

Challenges

Italy 5 3 9 7 22 9 3 7 1 1
Belgium 2 3 2 4 25 9 5 4 1 2
Netherlands 3 1 3 3 26 4 0 3 1 0
Total 10 7 14 14 73 22 8 14 3 3
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surveyed are summarized in Table 9. A variety of techniques are
used for stakeholder engagement. CreaHUB collaborates with other
LLs, organizing periodic meetings between its members to enrich,
to expand, their competences. InnovAge promotes “concluding
sessions”, where project results are presented to everyone who has
participated, both as a way of acknowledging their contributions,
and of increasing the likelihood of acceptance and uptake of the
results. The Living Lab in Ageing and Long-Term Care however,
utilizes working groups in all projects involving researchers, pro-
fessionals and elderly persons or their representatives.

The tools used specifically for dissemination of LLs results are
summarized in Table 10.

Greater focus on co-creation and collaboration activities can be
perceived from the survey answers. The number of units coded
with codes from the theme “Activities” is presented in Table 11.
Answers show that the activities in the earlier stages of the product
or service development chain are more mature than those of the
later stages, for example, testing or validation, or commercializa-
tion both for and after product development.

CreaHUB actively seeks collaborationwith local actors and other
LLs in the Marche Region. This collaboration focuses on promoting
competencies in interdisciplinary cooperation/activities, team-
working, problem solving and analysis of entrepreneurial oppor-
tunities. Collaborating through CreaHUB also makes it easier for
private and public entities to build partnerships and, by exploring
the international contacts made available by the LL, stakeholders
seeking business opportunities abroad can also benefit from the LL.
InnovAge strongly emphases the co-creation concept, and states
that collaboration, in particular that seeking to improve coopera-
tion between primary, secondary and tertiary levels of care, is just
one focus of their mission. However, collaboration for InnovAge
means promoting the exchange of good practices, implementing
cross-border collaboration, accelerating innovation, and creating
synergies in business plan developments. Private stakeholders can
also benefit from collaboration through support for ideation events,
co-creation sessions, and through live testing. The InnovAge Living
Lab does not seek to produce/market new products or services,
which explains the absence of any such activities. For the Living Lab
in Ageing and Long-Term Care, collaboration means facilitating,
enabling, both the exchange of information between researchers
Table 9
Methods and tools employed in the LLs surveyed so as to foster user engagement in the

Methods and tools CreaHUB

Workshops Yes
Focus groups Yes
Open discussion forums No
Collaboration platforms Yes
Idea submission systems Yes
Conference calls No
Online questionnaires No
Face-to-face questionnaires No
Laboratories on entrepreneurship and innovation Yes
Business ideas contests Yes
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and staff, and between these latter and stakeholders, and vice
versa. One example of such collaboration is that companies are able
to send ideas to the LL technology working group thus, its members
can thus decide whether or not they would like to participate in the
project.

Table 12 displays the number of units codedwith codes from the
Innovation theme.

Both open innovation practices and user-driven innovation
practices were extensively cited in answers given in the survey.
CreaHUB promotes innovation practices by leveraging on R&D
cooperation between private companies and universities, through
both industrial and innovative Ph.D. courses. Also, it encourages
informal relationships and interactions within the LL through col-
laborations between scholars and industry professionals and by
support for business ideas from students. Support is given to
creating multidisciplinary teams, in order to bring together re-
searchers and both graduate and undergraduate students. This
interaction also encourages applications for research grants,
through LL networks that facilitate applications for national and
European projects. Researchers promote relationships and in-
teractions on a local scale and level by establishing relations with
local public bodies and companies, students are also involved. The
Lab supports training for young entrepreneurs, preferably students
and researchers, by implementing ad hoc programs.

InnovAge adopts rather interesting innovation practices. It en-
courages the creation of joint teams to accelerate innovation,
especially facilitation teams, that do daily follow-ups on projects.
R&D cooperation between private companies - including multina-
tionals - and universities is also promoted through key projects.
Innovation is fostered byworking with problem solving approaches
through integrating customer and/or end-user perspectives, and by
involving suppliers in new product design. Multidisciplinary teams,
dedicated to innovation, are organized so as to promote relation-
ships and interactions, through workshops and other events at the
local level. The Lab also has a budgeting system for a team to
oversee the correct application of open innovation principles.

The Living Lab in Ageing and Long-Term Care does not report the
use of specific open innovation practices.

End-users are involved in innovation practices in many and
diverse ways within the different LLs. In CreaHUB, users are co-
innovation process (Source: Authors’ elaboration).

InnovAge Living Lab in Ageing and Long-Term Care

Yes Yes
Yes Yes
No Yes
No Yes
Yes No
No Yes
Yes Yes
Yes Yes
No Yes
No No



Table 10
Dissemination tools used in the LLs in the survey (Source: Authors’ elaboration).

Dissemination tools CreaHUB InnovAge Living Lab in Ageing and Long-Term Care

Web portal Yes Yes Yes
Demonstrations and prototypes in test sessions No Yes Yes
Demonstrations and prototypes provided to end-users No Yes Yes
Demonstrations and prototypes available in the Living Lab No No Yes
Social networks Yes No Yes
Newsletters Yes Yes Yes
Video or audio streaming Yes No Yes

Table 11
Coded units for the Activities theme (Source: Authors’ elaboration).

Theme Activities

Codes Co-creation Collaboration Development Testing Validation Commercialization Prototyping

Italy 7 15 4 0 0 1 0
Belgium 12 12 1 7 2 2 3
Netherlands 3 7 3 3 0 0 4
Total 22 34 8 10 2 3 7

Table 12
Coded units for the Innovation theme (Source: Authors’ elaboration).

Theme Innovation

Codes Open Innovation Process User-driven

Italy 35 15 17
Belgium 38 11 31
Netherlands 32 2 29
Total 105 28 77
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producers of marketable solutions that can be disseminated among
entrepreneurs and policy makers. In this LL, users mostly take part
in activities related to researching ideas for products or services. In
InnovAge, end-users participate as idea generators (in ideation
sessions), co-creators and live test subjects. They are also part of the
LL network both formally, on “user days”, and through their rep-
resentatives on the steering committee. In InnovAge, end-users are
also part of the activities related to, researching ideas for products
or services, to developing those ideas, and to improving and
refining products and services. In the Living Lab in Ageing and
Long-Term Care, end-users can assume different roles. They may be
activators (triggers of innovation), browsers (looking for innovative
solutions), creators (conceptualizing ideas), developers (putting
ideas into practice) and facilitators (enabling stakeholder collabo-
ration). This LL is the one with the highest degree of involvement of
end-users in innovation practices. End-users take part in
researching ideas, developing ideas, designing products and in
improving and refining products.

Table 13 shows the number of units coded with each of the
codes of the Outputs theme. Most of the outputs mentioned
address user engagement, which is a direct outcome of the activ-
ities, discussed previously, of local development and knowledge
transfer.

The LLs offered different characterizations of the degree of
involvement of end-users, which can be seen in Table 14, however,
results are mostly uniform across all LLs. While it is reported that
getting users interested is easy, all LLs agreed actually that
involving them in a practical way is more difficult. Perhaps, as a
consequence of that difficulty, all LLs report that it is also a chal-
lenge when showing users the benefits they can accrue from
collaborating with the LL.

Benefits identified for local organizations go from developments
10
within the local economy, through an increase in the number of
new enterprises and successful entrepreneurial initiatives, to
increased internationalization of local start-ups. Benefits also
include facilitating the matching of organizations with needs and
talents with potential solutions, resulting in knowledge transfer to,
and within, local communities and, more generally, from univer-
sities to markets and vice versa.

Topics relating to the LLs operations were not discussed in great
detail in the survey answers, as can be seen from the figures in
Table 15.

Each LL takes a different approach to Intellectual Property Rights
(IPRs). In CreaHUB, IPRs are exclusively owned by private stake-
holders, who can thus benefit commercially from the IPRs. At
InnovAge, NDAs are signed whenever confidential information is
shared with the steering committee and/or with participants at co-
creation sessions. In the Living Lab in Ageing and Long-Term Care,
IPRs issues are addressed for each specific project.

As regards governance and management, the LLs surveyed
adopt different solutions. CreaHUB is managed by one scientific
coordinator and one administrative coordinator; funding is public;
and, there is no membership fee. In InnovAge, the coordinator re-
ports to a steering committee where all partner organizations are
represented. Funding is both public and private, but there is no
membership fee. The Living Lab in Ageing and Long-Term Care is
chaired by the University itself: the board is composed of repre-
sentatives of partner organizations and funding is public, but there
is also a membership fee.

Table 16 shows the number of units coded for the Actors theme.
The participation of the different types of actors was discussed by
all LLs, greater emphasis was laid on the University actor by the
CreaHUB representative.

We enquired about the level of commitment of the different
actors and how hard it is to maintain relationships with them. The
answers of the three LLs are summarized in Table 17. Governments
and public bodies generally look on the LLs as a support mechanism
to implement practices in the LL’s domain. This can take different
forms, for example: promoting an entrepreneurial culture among
students and researchers (CreaHUB); involving senior citizens in
the innovation process (InnovAge); or looking for evidence-based
knowledge (Living Lab in Ageing and Long-Term Care). On the
other hand, private companies often regard the LLs as a means of
meeting a different set of needs. CreaHUB reports that companies
find both new business ideas, and talents to recruit. At InnovAge,



Table 13
Coded units for the Outputs theme (Source: Authors’ elaboration).

Theme Outputs

Codes Good practices Knowledge production Knowledge transfer Local development Transdisciplinarity Users egagement Creativity

Italy 2 2 14 20 10 15 5
Belgium 4 0 0 2 0 6 1
Netherlands 1 1 3 0 1 11 0
Total 7 3 17 22 11 32 6

Table 14
Difficulty of engaging end-users in the LLs surveyed (Source: Authors’ elaboration).

CreaHUB InnovAge Living Lab in Ageing and Long-Term Care

Interesting users Easy Easy Easy
Involving users in practical ways Difficult Difficult Difficult
Communicating concepts to users Easy Difficult Easy
Showing the benefits to users Difficult Difficult Difficult
Involving all users rather than specific groups Very difficult Very difficult Difficult

Table 15
Coded units for the Operationalization theme (Source: Authors’ elaboration).

Theme Operationalization

Codes Governance IPR Management

Italy 2 6 6
Belgium 5 2 6
Netherlands 4 2 5
Total 11 10 17

Table 16
Coded units for the Actors theme (Source: Authors’ elaboration).

Theme Actors

Codes Citizens Government Industry University

Italy 13 18 18 40
Belgium 9 14 11 14
Netherlands 11 13 8 9
Total 33 45 37 63

Table 18
Coded units for the Roles theme (Source: Authors’ elaboration).

Theme Roles

Codes Enabler Provider User

Italy 4 2 5
Belgium 3 3 3
Netherlands 1 1 1
Total 8 6 9
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companies seek funding opportunities for innovation activities,
business plan development and, for the involvement and collabo-
ration of other stakeholders in ideation and in the development of
products and services. In the Living Lab in Ageing and Long-Term
Care, private companies can send their ideas to the technology
working group and also collaborate on specific projects, but they
are not formally part of the LL. For Universities, the LLs fulfill the
need of helping to disseminate research at a more concrete and
practical level, by interacting both with businesses and citizens
(CreaHUB). They also offer support for recruitment and follow ups
Table 17
Engagement level and relationships with different actors in the LLs surveyed (Source: Au

CreaHUB

Citizens, commitment Somewhat committed
Citizens, keeping relationship Easy
Government, commitment Not committed
Government, keeping relationship Difficult
Industry, commitment Somewhat committed
Industry, keeping relationship Difficult
University, commitment Somewhat committed
University, keeping relationship Easy
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with end-users (InnovAge) and to increase the social impact (Living
Lab in Ageing and Long-Term Care).

We also investigated the 3 distinct roles (enabler, provider and
user) and which actors assume, or have assumed, these roles in
each LL. Table 18 shows the number of units coded for this theme.

As regards enablers, all three roles were, in some way or
another, made possible by the joint efforts of local (provincial) or-
ganizations and the universities, but there are some minor differ-
ences: in CreaHUB, the university is still the main enabler, while the
Province provides spaces for the university to work in. In InnovAge,
two province-based organizations focusing on high-tech and edu-
cation are the main enablers, but the latter is about to leave the
consortium because education is not a focus of this LL. In the case of
the Dutch Living Lab, not only the educational institutes and the
government, but also long-term care providers were, and are, joint
enablers.

As regards providers, in all three LLs, the universities are pro-
viders with roles assigned to undergraduate, graduate and Ph.D.
candidates, researchers and professors. However, while in CreaHUB
these are the only providers, in both the Belgian and Dutch LLs,
health-related institutes and inter-university research centers also
thors’ elaboration).

InnovAge Living Lab in Ageing and Long-Term Care

Somewhat committed Somewhat committed
Difficult Easy
Somewhat committed Very committed
Easy Easy
Somewhat committed Do not take part
Difficult Do not take part
Somewhat committed Very committed
Easy Easy



Table 19
Coded units for the Context theme (Source: Authors’ elaboration).

Theme Context

Codes Networks Policy User needs Inclusivity

Italy 1 10 2 0
Belgium 2 12 0 0
Netherlands 1 0 1 2
Total 4 22 3 2

Table 20
Coded units for the Costs theme (Source: Authors’ elaboration).

Theme Costs

Codes Cost-sharing Innovation costs Research costs

Italy 3 0 3
Belgium 4 1 0
Netherlands 0 0 0
Total 7 1 3
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play important roles. Both the Italian and the Belgian LLs are
provider-driven, while the Living Lab in Ageing and Long-Term Care
is not.

The three LLs show differences as regards their users. In CreaHUB,
university spin-offs,5 start-ups and scholars are the main users but
private stakeholders also use it and take part in developing services.
In InnovAge the main users are university-hospitals, as well as other
communities and companies related to General Practitioners and
primary care providers, and the citizens are, ultimately, those who
benefit from the resulting products. Lastly, in the Living Lab in Ageing
and Long-Term Care LL, long-term care providers, country-wide, and
technology companies are the main users.

As regards context, as can be seen in Table 19, policy was the
main subject discussed, except by the Dutch Living Lab represen-
tative. Nonetheless, it was possible to discern the extent to which,
and how, the policies adopted are closely related to each, unique,
regional context. CreaHUB mainly focuses on policies addressing
recovery from economic and social challenges (some, but not all,
the result of a recent earthquake-related crisis). Consequently, a lot
of the regional policies adopted have been, and are, concerned with
business initiatives, and with marketable and shared solutions.
However, InnovAge policies focus on improving the effectiveness of
the Care process and pathways (especially for the elderly) and on
smart specialization strategies within the region, but not on
commercializing new products.

When asked about meeting their costs, the three LLs were not
particularly discursive as can be seen by the low number of units
coded on this theme (Table 20). The main differences found,
however, were related to cost-sharing: CreaHUB’s costs are met by
public grants and funding, student competitions and research
grants. InnovAge’s costs are met through both public and private
funding. Very few references were made regarding how each LL
applies for funding for research costs (Italy) or for innovation ac-
tivities (Belgium). The Netherlands did not mention anything.

The final part of the survey focused on how LLs can contribute to
the promotion of sustainability (see Table 21). The feedback from
the respondents was diverse.

While sustainability is clearly a concern in the CreaHUB’s LL,
with its focus on cultural and creative industries, the same cannot
be said of the other two LLs where sustainability is occasionally a
spin-off effect of their activities. This difference is a direct result of
the strategy followed by the bodies that run each LL. In the Italian
Living Lab, the University of Macerata reports that sustainability is
part of its strategic plan. The two other LLs do not have this strategic
focus on sustainability (although the Belgian LL reports that sus-
tainability was in their original mission statement). Nevertheless,
they still declare outcomes with a sustainable effect on local ac-
tivities, but only as a spin-off of the LL’s operations. One important
aspect of the Italian LL strategy for promoting sustainability and
inclusion is the involvement of end-users linked to local and
regional activities. CreaHUB also believe that different sponsors do
5 The university spinoff is defined as a company founded by academic staff to
exploit university-generated knowledge in a profit making perspective.

12
contribute to sustainability related efforts. University related actors
(scholars and students at different levels) were identified as the
most important stakeholders for their ability tomove sustainability
related projects forward. Companies mainly contribute to sustain-
ability efforts by funding such projects. Civil society is engaged
precisely because the LL functions as a means of integrating the
end-users into the whole innovation process. Public administration
also plays an important role by steering projects into those areas
that require particular attention if they are to achieve sustainability
and inclusion. The main challenges reported relate to the difficulty
of establishing long-term partnerships, which are of paramount
importance when dealing with sustainable activities. The LL’s ca-
pacity and ability to facilitate interactions between all stakeholders
is perceived as just one tool for overcoming this challenge.

As regards the specific SDGs addressed in this study, the Italian
LL takes all four SDGs into account in their operations, while the
other LLs report that they only partially implement SDGs 11.A and
17.16. It is interesting to note that CreaHUB discloses different levels
of involvement of their stakeholders for different SDGs: university
stakeholders are more active in 17.16 and 17.17; Civil society
stakeholders in SDG 11.A; Companies in SDG 9.5; and Public
Administration in SDGs 9.5 and 11.A.

For the other two LLs, sustainability seems more a “de facto”
mission rather than a formally pursued goal.
5. Discussion

5.1. Context, tools, methods and approaches

The LLs surveyed are all exploring newways of actively engaging
users in the innovation process, but both the domains and the areas
of action are very different. While the Italian LL focuses on entre-
preneurship and real-life scenarios, the Belgian and Dutch LLs
specialize in research and occupy virtual environments. This is also
reflected in their level of promotion of sustainability, with the
Italian LL including sustainability in their strategic goals. In both the
Italian and the Belgian LLs, the areas of action and activities are
closely related to, and interlinked with, Regional policies in their
area. CreaHUB promotes and follows Regional policies that are
seeking to help the area recover after recent earthquakes in the
Marche Region. The activities undertaken and supported by the
Belgian LL are coordinated through the Smart Specialization
Strategy (S3) adopted by the Regional government of Leuven.

The characteristics of LLs, as defined in the literature (Tables 2
and 8), were also analyzed in the surveys. In all responses, the
methods, tools and approaches adopted by the LLs, in order to
involve users in the innovation process, were the most discussed
issues. This confirms the issues the literature has often highlighted,
i.e. the need for further analysis of the methods and practices
adopted in LLs in order to ensure both knowledge sharing and
effective interactions between QHM actors within LLs (Ballon and
Schuurman, 2015; Friedman and Miles, 2006; Mainardes et al.,
2011; Vecchio et al., 2017). Thus, this theme merits further
investigation.



Table 21
Coded units for the Sustainability theme (Source: Authors’ elaboration).

Theme Sustainability

Codes Strategy Initiative Spin-off effect Activities Sponsors Challenges Benefits

Italy 4 3 0 1 5 2 1
Belgium 3 0 2 0 0 0 0
Netherlands 0 0 0 0 0 0 0
Total 7 3 2 1 5 0 0
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From a general point of view, the results show that the methods
involved in the LLs are not affected by whether the labs are real or
virtual environments. All three LLs studied use workshops and
focus groups to engage users: citizens, entrepreneurs, firms, pro-
fessionals or economic operators, whoever is involved. These focus
groups are usually managed by professors, researchers and Ph.D.
candidates. Much of the university staff engagement and the
involvement of end-users and local stakeholders is helped by per-
sonal relationships, consolidated over time, through European
projects and industrial/innovative Ph.D. courses. Tools related to
new digital technologies, such as collaborative on-line platforms
and calls for proposals to address local challenges, are widely used
by all three LLs.

Laboratories on entrepreneurship and innovation are gradually
becoming a common tool used by LL stakeholders. The character-
istics of these laboratories, obviously, vary considerably, depending
on the specific domain of each LL. However, laboratories usually
consist of interdisciplinary courses to promote an entrepreneurial
attitude among undergraduates, postgraduates, researchers and
professionals. These laboratories also play a strategic role in
enhancing knowledge transfer because they enable students to put
into practice knowledge, competences and capacities, by interact-
ing with stakeholders, who have other knowledge, and who are
external to the university. On the other hand, competitions for
innovative business ideas are being used more and more in the
context of university LLs. This method is usually applied by private
partners in non LL environments.

There are some differences in the methods used by all three LLs.
For example: demos and prototypes are used for dissemination in
the Belgian and Dutch LLs, but not in Italy. This could be because the
CreaHUB LL focuses on activities that encourage the generation of
new ideas and entrepreneurship, whereas the Dutch and Belgian
LLs go beyond those ideas and encourage turning ideas into
prototypes.
5.2. Activities, management and dissemination of results

Almost all the stakeholders in the three LLs have a good
perception of co-creation and collaboration activities. Co-creation
generally involves all the actors in the LL. Groups usually have at
least one representative from each of these 4 domains: university,
companies, government and users. However, collaboration itself is
usually based on bilateral or trilateral relationships. In other words,
there is more focus on the early stages of the co-creation of prod-
ucts and services rather than on the more “mature” stages of the
development process, including commercialization. This could also
be said of the Belgian case. Indeed, collaboration is a strong value in
all 3 LLs: all focus on building partnerships and on promoting
internationalization. Precisely how, and who with, differs: the
Italian and Belgian LLs aremore open to entities from outside the LL
than is the Dutch LL, which latter focuses on cooperation between
its members even though it does support research and/or ideas
proposed by outside entities and, also, offers help with projects.

In terms of operationalization (IPRs and governance), these are
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very LL specific: each LL operates in a very different way. This was
predictable: each LL has different aims and approaches and, also,
operates in a different funding context. Identifying which charac-
teristics relate to which type of governance would be an arduous
research task, one based on a far higher number, and a wider va-
riety, of LL cases.

Costs, specific policies adopted, and the consequent activities
undertaken, are also intrinsically related to context differences.
Future work could be undertaken to understand not only how
different policies impact on theway the different actors collaborate,
but also to study, in depth, differences in the activities developed by
each LL.

As well as organizing andmanaging activities, all three LLs focus
on disseminating the results of co-creative and collaborative ac-
tivities mainly through web portals, social networks and newslet-
ters. These tools can stream short video contents to show
demonstrations of services, prototypes and research outcomes,
they are generally not expensive and, they allow LLs to reach a
wider audience. Indeed, digital tools overcome the limit of
disseminating scientific outputs only to those users who are, or
were, directly involved in the innovation process which led to the
prototype.
5.3. Innovation practices and user engagement

As regards innovation practices, these are very specific in each
case. The CreaHUB LL organizes industrial and innovative Ph.D.
courses, supports student ideas and includes undergraduate stu-
dents in multidisciplinary research teams. The InnovAge LL pro-
motes teams doing daily follow-ups, appoints an innovation
manager, and includes customers and end-users in program-
solving activities. However, all the 3 LLs surveyed adopt these
three innovation practices: cooperation between private com-
panies and universities; the use and constitution of multidisci-
plinary teams; and, a focus on securing research grants.

Idea generation is involved in all three LLs innovation practices
for end-user involvement. However, both the Belgian and the Dutch
cases go beyond that: the former encourages and facilitates co-
creating and testing, while the latter goes even further, and also
supports both final product design and development. Despite these
differences, there were no discernible differences when all three LL
representatives were asked about the difficulty of involving users
(Table 14), indeed, only the Belgian LL reported an even greater
difficulty: that of communicating concepts to users.

It is easy to attract users’ interest in the activities carried out by
LLs. Digital tools play a strategic role in this because they reach a
wider audience by disseminating research outputs and streaming
demonstrations of prototypes and services. On the other hand,
involving users, and encouraging them to play an active role within
LL initiatives is far more challenging. It is often difficult to convince
users of the advantages deriving from collaborating with LL
stakeholders. Indeed, the focus and specialization of the LL has an
impact and while users may be willing to contribute to the gener-
ation and development of tourism and cultural products and
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services, they are often reluctant to actively participate in the do-
mains of health, long-term care, and active ageing in the innovation
process. This is (often) because of ethical aspects or issues of per-
sonal confidentiality: such domains directly involving personal
data from users who, for example, may not always be willing to
disclose details about their health.

5.4. Living Labs as facilitators to foster innovation and
sustainability

Living Labs try to engage users through active involvement and
dissemination of information regarding innovation, so it is worth
considering the role played by the efficient and effective collabo-
rative strategies adopted by the LL and its stakeholders. The Dutch
Living Lab in Ageing and Long-Term Care is the LL that reports the
least difficulty in maintaining communication with the various
actors involved, but it is also the only LL in the study that does not
collaborate directly with industry, which is the ambient that the
other two LLs consider to be the most problematic area as regards
maintaining communication.

The three LLs also have diverse collaborative relations, active or
passive support, from their respective governments. The fact that
the Dutch LL does not involve a big player like industry, but instead
receives direct support from the government, might contribute to
its lower communication problems. However, the Belgian LL finds it
more difficult to maintain relationships with citizens.

As regards the contribution made by the actors to the LLs, local
governments and universities are those most involved in the
launch and management of the LLs. Governments both offer sup-
port mechanisms and contribute to implementing the practices
that fall within the LLs domain by providing economic and human
resources, as well as physical structures (offices, meeting spaces
and laboratories). Companies, however, usually support the
development of new business ideas and can also enhance LL ini-
tiatives by selecting and recruiting talents, such as graduates and
young researchers, from within the local university. Furthermore,
companies can finance innovative prototypes, as well as offer op-
portunities for national and international collaborations to develop
products and services.

As regards the contribution made by universities, the LL pro-
vides researchers, tools and spaces, both real and virtual, to
disseminate research outcomes at a more concrete level through
interaction with users, companies and local authorities. Univer-
sities also contribute to LL initiatives by training young talents and
providing technical support to implement user engagement stra-
tegies and innovation. In other words, the LL is a platform which
allows the university to increase its impact at a local level, fulfilling
and broadening its Third Mission as well.

Themain difference between actors lies inwho uses an LL, so the
difference here is probably merely a reflection of the activities and
goals of each LL.

The LLs reported completely different assessments of the role
that sustainability plays as a driving factor in their LL activities.
While for CreaHUB sustainability is part of their strategic plan, the
other LLs may have sustainable outcomes but only as spin-off ef-
fects of their planned activities, not as a goal. Consequently, the
analysis of the contribution an LL can make to promoting sustain-
able outcomes is mostly supported by data from the Italian LL. The
main challenge reported by CreaHUB as regards promotion of
sustainable outcomes was the difficulty of engaging stakeholders in
long-term partnerships. The LL was, and is, seen as fundamental
tool for addressing this challenge. By facilitating interaction be-
tween the different stakeholders, an LL contributes to improving
their mutual understanding and goals, and also enables long-term
relationships to develop which are more likely to support, and
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achieve, sustainable outcomes. It is also important to notice that
the different stakeholders of an LL reveal different interests and
motivations in their approach to different SDGs.

These results confirm the findings of a recent review byMcCrory
et al. (2020) according to which LLs posit a triadic understanding
based on different contexts, processes and ways of organizing
innovation. In this framework, sustainability is not only a normative
definition, but also a dynamic interpretation, one which should
encourage reflection on the design and set-up of sustainability-
oriented LLs. Furthermore, the main findings discussed in this pa-
per are in line with the results of previous studies (Compagnucci
and Spigarelli, 2020; Rodrigues and Franco, 2018) which suggest
strengthening the analysis of the role of LLs as facilitators. In
particular, LLs should be considered as a connection point for local
stakeholders, especially government, start-ups and university spin-
offs, to contribute to economic and social development and
sustainability.

To sum up, Fig. 2 summarizes the key messages and their im-
plications that have emerged from analysis of the data collected.
We have found that LLs can support interactions between all actors
in the QHM (RQ1) through a multiplicity of methods. While there
are no standard solutions, it is clear that digital tools are a decisive
factor for reaching out to all actors. The contextualization of the LL
activities in the scope of regional policies has also shown to
contribute to increasing the outreach of the LL. However, although
we found that LLs can reach out to all actors in the QHM, it was also
clear that actors are not always involved in the same way in
different LL activities. Nevertheless, it was interesting to find that
whether the LL was deployed in a real or a virtual environment had
no effect on its ability to reach its stakeholders. However, digital
tools were found to be particularly important for dissemination
activities and, therefore, future LLs would do well to invest in
exploiting them. This study was conducted before the start of the
COVID-19 pandemic, and it could safely be argued that this is an
even more important recommendation now.

On the other hand, within the samples scope, it could be seen
that LLs focus on their stakeholders’ contributions (RQ2) especially
in the early stages of product and service design. LLs still face dif-
ficulties when trying to persuade end-users to play a more active
role in collaboration on, for example, co-design. Nevertheless,
focusing on promoting entrepreneurship and innovation activities
does offer promising strategy for involving, and reaping the re-
wards of involving different actors. The actors of the THM can also
be motivated through the realization of benefits stemming from
knowledge transfer that can be promoted by an LL. However, the
fourth actor in the QHM is more difficult to attract through these
mechanisms. Dissemination efforts through the demonstration of
LL results have been successful in promoting the involvement of
representatives from civil society, but those efforts have a limited
scope, in that they are not sufficient to attract those representatives
to design activities. Further studies and experience are needed to
better understand which mechanisms would promote their
participation in these stages of LL activities.

Sustainable development goals (RQ3) are not always seen as
priorities for LLs. Nonetheless, focusing on knowledge transfer and,
especially, on creating long-term relationships between the actors,
does make these goals more attainable. Even though we could not
find instances of steps taken specifically by the LLs in our study to
address sustainable development goals, LLs are able to align private
action, public policy, societal interests and research efforts for the
common good. By connecting the actors in a QHM, an LL is
extremely well equipped to assess the impact of each SDG on the
context in which it is deployed. It also has the tools to manage
discussions between stakeholder representatives and, not only to
promote the SDGs across the community, but also to engage each



Fig. 2. Summary of main findings and implications (Source: Authors’ elaboration).
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actor in the pursuit of these goals. LLs should also be responsible for
reporting on the progress made towards each goal and so reap the
benefits from increased awareness throughout the LL.
6. Conclusions

This paper seeks to contribute to the understanding of how LLs
can foster user engagement in the shift from a THM for innovation,
towards a QHM with its intertwined university - industry - gov-
ernment - civil society relationships. We have also sought to un-
derstand how, and to what extent, this transition can help to
achieve more sustainable growth at the local level. We have
analyzed both how LLs can support the interaction between users,
universities, industries and government, and how LLs can intercept,
and absorb, user’s contributions to the innovation process.

The stakeholders of all the three LLs studied (in Italy, the
Netherlands and Belgium) have a good perception of co-creation
and of collaboration activities. These LLs are exploring new
methods and approaches to actively engage users in the innovation
process in different areas (health, long-term care, active ageing,
culture and related sectors) and have met with differing degrees of
success in a wide variety of areas. These 3 LLs all focus on testing
and developing new tools for disseminating research information,
streaming demonstrations of prototypes, and convincing users of
the advantages deriving from collaboration with LLs.

It should be noted that in all the three LLs studied here, the
launch, development and management of the innovation process
are mainly based on promoting local, national and international
networks. These LL networks make it possible to contact private
and public actors and, also, to encourage participation in European
and national funding programs. Furthermore, these networks all
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seek to create opportunities for developing new products and
services by involving users from the outset, at the idea generation
stage, rather than involving them only at the testing and validation
stages. These 3 LL networks also encourage the exchange of good
practices and help accelerate innovation among, and between, both
stakeholders and users. The innovation processes are also driven by
multidisciplinary research teams in which users are involved as
active players. In all cases, funding is essential for LL operations: for
applied research grants, industrial and innovative doctorates, and
for the physical structures provided by local governments.

In terms of user engagement, the LL cases studied here have
revealed that it is not particularly difficult to attract user interest in
the LLs’ activities. Digital tools play a strategic role here, because
they facilitate communication with a wider audience and so help
disseminate research outputs by streaming demonstrations of
prototypes and services. Nonetheless, LLs do often find it difficult
both to encourage users to take a more active role in the innovation
process and to convince them of the advantages deriving from
collaboration with other LL stakeholders. This question deserves
more in-depth attention and research as it could contribute to
further understanding of how LLs could and should interact with
users.

The role of LLs in promoting sustainable activities was different
in each of the cases studied. However, the need to have sustain-
ability as a strategic factor in an LL emerged from the reports of all
three LLs: the LL that explicitly considers sustainability, obviously
promotes projects that address it. The other two do have sustain-
able outcomes, but these occur as spin-offs. Thus SDGs 9.5., 11.A.,
17.16. and 17.17 are directly or indirectly promoted in all our cases.
Respondents reported that the biggest advantage reported of hav-
ing an LL supporting sustainable outcomes is its subsequent ability
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to foster long-term partnerships between stakeholders: a para-
mount factor in increasing the likelihood that sustainable projects
will be successful. In this case, companies mainly contribute to
sustainable goals both by funding research projects and funding, or
employing, young researchers.

As for the limitations of the study, this paper is based on a small
sample, 3 European LLs, which are adopting co-creative ap-
proaches, and integrating research and innovation processes.
Indeed, more cases (from different geographical areas and involved
in different thematic activities) are required to better assess the real
impact of LLs on innovation and sustainability. The practical chal-
lenges discussed here, especially those relating to innovation
practices and user engagement, should be further investigated with
particular attention paid to the possible domains of the LLs which
could offer results based on the specificity of the context. Therefore,
further research should consider a wider set of LLs focused on an
array of domains, in order to analyze the specific tools and ap-
proaches adopted to engage users in the process of innovation in
sustainable products and services.

Also, given our methodological approach, questionnaires, we
cannot extrapolate truly in-depth findings, something we could do
by, for example, using semi-structured face-to-face interviews.
Hence, deeper, or more descriptive findings must wait until other
methods, such as interviews, are used. On the other hand, the in-
sights gained should be further tested by adopting quantitative
approaches to extensive samples of LLs so as to open up new paths
for future analysis on this topic.

In conclusion, a clearly defined LL model did not emerge from
the analysis. Indeed, there is often a combination of innovative
approaches which are managed by the users themselves, with
users, or for users. Sometimes, user involvement is limited to pas-
sive feedback, sometimes it is based on active co-creation and in-
volves users and LL stakeholders working together interactively.
However, LLs are not merely a network of infrastructures and ser-
vices, rather they offer a new way of managing innovation and
sustainability through the active involvement of users. LLs promote
the role of users as value co-creators within a QHM for innovation.
Users are not relegated to a passive role of mere consumers of
products and services or mere subjects on which to test products
and services.

CRediT authorship contribution statement

Lorenzo Compagnucci: Conceptualization, Methodology,
Investigation, Writing - original draft, Writing - review & editing.
Francesca Spigarelli: Conceptualization, Methodology, Investiga-
tion, Writing - original draft, Writing - review & editing. Jos�e
Coelho: Conceptualization, Methodology, Formal analysis, Writing
- original draft, Writing - review & editing. Carlos Duarte:
Conceptualization, Methodology, Formal analysis, Writing - orig-
inal draft, Writing - review & editing.

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

This workwas supported by the European Union’s Horizon 2020
programme, TWINN-2015 - Twinning, “Alhtour - Assisted Living
technologies for the Health Tourism sector’ Twinning (Grant
Agreement No. 69231).
16
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclepro.2020.125721.

References

Abad-Segura, E., Cort�es-García, F.J., Belmonte-Ure~na, F.L., 2019. The sustainable
approach to corporate social responsibility: a global analysis and future trends.
Sustainability 11, 5382. https://doi.org/10.3390/su11195382.

Ali, S., Hussain, T., Zhang, G., Nurunnabi, M., Li, B., 2018. The implementation of
sustainable development goals in “BRICS” countries. Sustainability 10. https://
doi.org/10.3390/su10072513.

Almirall, E., Lee, M., Wareham, J., 2012. Mapping living labs in the landscape of
innovation methodologies. Technol. Innov. Manag. Rev. 2, 12e18. https://
doi.org/10.22215/timreview603.

Almirall, E., Wareham, J., 2011. Living Labs: arbiters of mid- and ground-level
innovation. Technol. Anal. Strat. Manag. 23, 87e102. https://doi.org/10.1080/
09537325.2011.537110.

Arnkil, R., J€arvensivu, A., Koski, P., Piirainen, T., 2010. Exploring quadruple helix
outlining user-oriented innovation models. Tampereen yliopisto.

Auerbach, C.F., Silverstein, L.B., 2003. Qualitative Data: an Introduction to Coding
and analysis., Qualitative Data: an Introduction to Coding and analysis., Quali-
tative Studies in Psychology. New York University Press, New York, NY, US.

Baccarne, B., Schuurman, D., Seys, C., 2013. Living Labs as a navigation system for
innovative business models in the music industry. In: The XXIV ISPIM Confer-
ence : Innovating in Global Markets : Challenges for Sustainable Growth, Pro-
ceedings. International Society for Professional Innovation Management
(ISPIM), p. 14.

Bakıcı, T., Almirall, E., Wareham, J., 2013. A smart city initiative: the case of Bar-
celona. J. Knowl. Econ. 4, 135e148. https://doi.org/10.1007/s13132-012-0084-9.

Ballon, P., Pierson, J., Delaere, S., 2005. Test and experimentation platforms for
broadband innovation: examining European practice. {SSRN} Electron. J.
https://doi.org/10.2139/ssrn.1331557.

Ballon, P., Schuurman, D., 2015. Living labs: concepts, tools and cases. Info 17.
https://doi.org/10.1108/info-04-2015-0024.

Barbieri, E., Micozzi, A., Rubini, L., 2013. Evaluating policies for innovation and
university-firm relations. An investigation on the attitude of Italian academic
entrepreneurs towards collaborations with firms. Econ. Marche J. Appl. Econ.
32, 17e45.

Bergvall-Kåreborn, B., Eriksson, C.I., Ståhlbr€ost, A., Svensson, J., 2009 6-9 December.
A milieu for innovation : defining living labs. In: Huizingh, K.R.E., Conn, S.,
Torkkeli, M., Bitran, I. (Eds.), Proceedings of the 2nd ISPIM Innovation Sympo-
sium: Simulating Recovery - The Role of Innovation Management, New York
City, USA.

Birkner, Z., M�ahr, T., Berkes, N.R., 2017. Changes in responsibilities and tasks of
universities in regional innovation ecosystems. Na�se Gospod. Econ. 63, 15e21.
https://doi.org/10.1515/ngoe-2017-0008.

Blaikie, N., 2000. Designing Social Research: the Logic of Anticipation. Polity Press.
Buhl, J., von Geibler, J., Echternacht, L., Linder, M., 2017. Rebound effects in Living

Labs: opportunities for monitoring and mitigating re-spending and time use
effects in user integrated innovation design. J. Clean. Prod. 151, 592e602.
https://doi.org/10.1016/j.jclepro.2017.03.001.

Bulkeley, H., Coenen, L., Frantzeskaki, N., Hartmann, C., Kronsell, A., Mai, L.,
Marvin, S., McCormick, K., van Steenbergen, F., Voytenko Palgan, Y., 2016. Urban
living labs: governing urban sustainability transitions. Curr. Opin. Env. Sust. 22,
13e17.

Carayannis, E.G., Barth, T.D., Campbell, D.F.J., 2012. The Quintuple Helix innovation
model: global warming as a challenge and driver for innovation. J. Innov.
Entrep. 1, 2. https://doi.org/10.1186/2192-5372-1-2.

Carayannis, E.G., Campbell, D.F.J., 2009. “Mode 3” and “Quadruple Helix”: toward a
21st century fractal innovation ecosystem. Int. J. Technol. Manag. 46, 201.
https://doi.org/10.1504/ijtm.2009.023374.

Compagnucci, L., Spigarelli, F., 2018. Fostering cross-sector collaboration to promote
innovation in the water sector. Sustainability 10, 4154. https://doi.org/10.3390/
su10114154.

Compagnucci, L., Spigarelli, F., 2020. The Third Mission of the university: a sys-
tematic literature review on potentials and constraints. Technol. Forecast. Soc.
Change 161, 120284. https://doi.org/10.1016/j.techfore.2020.120284.

Conti, A., Gaule, P., 2011. Is the {US} outperforming Europe in university technology
licensing? A new perspective on the European Paradox. Res. Pol. 40, 123e135.
https://doi.org/10.1016/j.respol.2010.10.007.

Creswell, J.W., 2013. Research Design: Qualitative, Quantitative, and Mixed Methods
Approaches. SAGE Publications, Incorporated.

de Leon, M.P.P., Eriksson, M., Balasubramaniam, S., Donnelly, W., 2006. Creating a
distributed mobile networking testbed environment-through the Living Labs
approach. In: 2nd International Conference on Testbeds and Research In-
frastructures for the Development of Networks and Communities, 2006. TRI-
DENTCOM 2006. IEEE. https://doi.org/10.1109/tridnt.2006.1649138.

Dell’Era, C., Landoni, P., 2014. Living lab: a methodology between user-centred
design and participatory design. Creativ. Innovat. Manag. 23, 137e154.
https://doi.org/10.1111/caim.12061.

Dutilleul, B., Birrer, F.A.J., Mensink, W., 2010. Unpacking European living labs:

https://doi.org/10.1016/j.jclepro.2020.125721
https://doi.org/10.3390/su11195382
https://doi.org/10.3390/su10072513
https://doi.org/10.3390/su10072513
https://doi.org/10.22215/timreview603
https://doi.org/10.22215/timreview603
https://doi.org/10.1080/09537325.2011.537110
https://doi.org/10.1080/09537325.2011.537110
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref5
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref5
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref5
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref6
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref6
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref6
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref7
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref7
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref7
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref7
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref7
https://doi.org/10.1007/s13132-012-0084-9
https://doi.org/10.2139/ssrn.1331557
https://doi.org/10.1108/info-04-2015-0024
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref11
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref11
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref11
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref11
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref11
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref12
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref12
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref12
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref12
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref12
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref12
https://doi.org/10.1515/ngoe-2017-0008
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref14
https://doi.org/10.1016/j.jclepro.2017.03.001
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref16
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref16
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref16
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref16
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref16
https://doi.org/10.1186/2192-5372-1-2
https://doi.org/10.1504/ijtm.2009.023374
https://doi.org/10.3390/su10114154
https://doi.org/10.3390/su10114154
https://doi.org/10.1016/j.techfore.2020.120284
https://doi.org/10.1016/j.respol.2010.10.007
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref22
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref22
https://doi.org/10.1109/tridnt.2006.1649138
https://doi.org/10.1111/caim.12061
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref25


L. Compagnucci, F. Spigarelli, J. Coelho et al. Journal of Cleaner Production 289 (2021) 125721
analysing innovation’s social dimensions. Cent. Eur. J. Public Policy 4, 60e85.
Edvardsson, B., Gustafsson, A., Kristensson, P., Witell, L., 2010. Service innova-

tionservice innovation and customer Co-development. In: Handbook of Service
Science. Springer, pp. 561e577. https://doi.org/10.1007/978-1-4419-1628-0_24.

Eisenhardt, K.M., 1989. Building theories from case study research. Acad. Manag.
Rev. 14, 532e550. https://doi.org/10.5465/amr.1989.4308385.

Eriksson, M., Niitamo, V.-P., Kulkki, S., others, 2005. State-of-the-art in Utilizing
Living Labs Approach to User-Centric ICT Innovation-A European Approach,
Lulea: Center for Distance-Spanning Technology. Lulea University of Technology
Sweden, Lulea.

Eriksson, M., Niitamo, V.-P., Kulkki, S., Hribernik, K., 2006. Living labs as a multi-
contextual R&D methodology. In: The 12th International Conference Ldots.

Etzkowitz, H., 2003. Research groups as “quasi-firms”: the invention of the entre-
preneurial university. Res. Pol. 32, 109e121. https://doi.org/10.1016/s0048-
7333(02)00009-4.

Etzkowitz, H., 1998. The norms of entrepreneurial science: cognitive effects of the
new university-industry linkages. Res. Pol. 27, 823e833. https://doi.org/
10.1016/s0048-7333(98)00093-6.

Etzkowitz, H., de Mello, J.M.C., 2004. The rise of a triple helix culture: innovation in
Brazilian economic and social development. Int. J. Technol. Manag. Sustain. Dev.
2, 159e171. https://doi.org/10.1386/ijtm.2.3.159/1.

Etzkowitz, H., Klofsten, M., 2005. The innovating region: toward a theory of
knowledge-based regional development. R D Manag. 35, 243e255. https://
doi.org/10.1111/j.1467-9310.2005.00387.x.

Etzkowitz, H., Leydesdorff, L., 1997. Universities and the Global Knowledge Econ-
omy. A Triple Helix of University-Industry Relations. Pinter, London.

Etzkowitz, H., Ranga, M., 2010. A triple helix system for knowledge-based regional
Development : from “spheres” to “spaces. In: VIII Triple Helix Conference,
pp. 1e29.

European Commission, 2016. Open Innovation 2.0 Yearbook - Edition 2016. Digital
Single Market [WWW Document]).

European Commission, 2013. “The Dublin Innovation Declaration” Manifesto: Ten
Point Declaration to Create More Wealth, Better Welfare and Improved Well-
being with Open Innovation 2.0. Digital Single Market ([WWW Document]).

European Commission, 2009. Living Labs for User-Driven Open Innovation, an
Overview of the Living Labs Methodology, Activities and Achievements.

Evans, J., Jones, R., Karvonen, A., Millard, L., Wendler, J., 2015. Living labs and co-
production: university campuses as platforms for sustainability science. Curr.
Opin. Env. Sust. 16, 1e6.

Fereday, J., Muir-Cochrane, E., 2006. Demonstrating rigor using thematic analysis: a
hybrid approach of inductive and deductive coding and theme development.
Int. J. Qual. Methods 5, 80e92. https://doi.org/10.1177/160940690600500107.

Ferrari, V., Mion, L., Molinari, F., 2011. Innovating {ICT} innovation. In: Proceedings
of the 5th International Conference on Theory and Practice of Electronic
Governance - {ICEGOV} {\textquotesingle}11. {ACM} Press. https://doi.org/
10.1145/2072069.2072130.

Feurstein, K., Hesmer, A., Hribernik, K., Thoben, K.-D., Schumacher, J., 2008. Living
labs - a new development strategy. In: Schumacher, J., Niitamo, V.-P. (Eds.),
European Living Labs - A New Approach for Human Centric Regional Innova-
tion. Wissenschaftlicher Verlag, Berlin, Germany, pp. 1e14.

Fleming, A., Wise, R.M., Hansen, H., Sams, L., 2017. The sustainable development
goals: a case study. Mar. Pol. 86, 94e103.

Følstad, A., 2008. Living labs for innovation and development of information and
communication technology: a literature review. eJOV Electron. J. Virtual ldots
10, 99e131.

Fourati-Jamoussi, F., Dubois, M.J.F., Agn�es, M., Leroux, V., Sauv�ee, L., 2019. 2. Sus-
tainable development as a driver for educational innovation in engineering
school: the case of UniLaSalle. Eur. J. Eng. Educ. 44 (4), 570e588.

Franz, Y., 2015. Designing social living labs in urban research. Info 17, 53e66.
https://doi.org/10.1108/info-01-2015-0008.

Franz, Y., Tausz, K., Thiel, S.-K., 2015. Contextuality and Co-creation matter: a
qualitative case study comparison of living lab concepts in urban research.
Technol. Innov. Manag. Rev. 5, 48e55. https://doi.org/10.22215/timreview/952.

Friedman, A.L., Miles, S., 2006. Stakeholders: Theory and Practice. Oxford University
Press on Demand.

Gray, M., Mangyoku, M., Serra, A., S�anchez, L., Aragall, F., 2014. Integrating design for
all in living labs. Technol. Innov. Manag. Rev. 4, 50e59. https://doi.org/10.22215/
timreview793.

Griggs, D., Stafford-Smith, M., Gaffney, O., Rockstrom, J., Ohman, M.C.,
Shyamsundar, P., Steffen, W., Glaser, G., Kanie, N., Noble, I., 2013. Sustainable
development goals for people and planet. Nature 495 (7441), 305e307.

Groves, R.M., Fowler Jr., F.J., Couper, M.P., Lepkowski, J.M., Singer, E., Tourangeau, R.,
2011. Survey Methodology, second ed. John Wiley & Sons.

Guzm�an, J.G., del Carpio, A.F., Colomo-Palacios, R., de Diego, M.V., 2013. Living labs
for user-driven innovation: a process reference model. Res. Manag. 56, 29e39.
https://doi.org/10.5437/08956308x5603087.

Herranz, N., Ruiz-Castillo, J., 2013. The end of the “European Paradox. Sciento-
metrics 95, 453e464. https://doi.org/10.1007/s11192-012-0865-8.

Hossain, M., Leminen, S., Westerlund, M., 2019. A systematic review of living lab
literature. J. Clean. Prod. 213, 976e988. https://doi.org/10.1016/
j.jclepro.2018.12.257.

Issa, A., Schumacher, S., Hatiboglu, B., Bauernhansl, E.G.T., 2018. Open innovation in
the workplace: future work lab as a living lab. Procedia {CIRP} 72, 629e634.
https://doi.org/10.1016/j.procir.2018.03.149.

Kaulio, M.A., 1998. Customer, consumer and user involvement in product
17
development: a framework and a review of selected methods. Total Qual.
Manag. 9, 141e149. https://doi.org/10.1080/0954412989333.

Kohler-Koch, B., 1995. Regions as Political Actors in the Process of European Inte-
gration. A Research Design. Mannheimer Zentrum für Europ€aische Sozialfor-
schung (MZES).

K€onig, Ariane, Evans, James, 2013. Experimenting for sustainable development?
Living laboratories, social learning, and the role of the university. In: Regener-
ative Sustainable Development of Universities and Citiesdthe Role of Living
Laboratories, pp. 1e24.

Kviselius, N.Z., Andersson, P., Ozan, H., Edenius, M., 2009. Living labs as tools for
open innovation. Commun. Strat. 1, 75e94.

Leminen, S., 2013. Coordination and participation in living lab networks. Technol.
Innov. Manag. Rev. 3, 5e14. https://doi.org/10.22215/timreview740.

Leminen, S., Niitamo, V.-P., Westerlund, M., 2017. A brief history of living labs: from
scattered initiatives to global movement. In: Open Living Labs Day Conference.

Leminen, S., Nystr€om, A.-G., Westerlund, M., 2015a. A typology of creative con-
sumers in living labs. J. Eng. Technol. Manag. 37, 6e20. https://doi.org/10.1016/
j.jengtecman.2015.08.008.

Leminen, S., Nystr€om, A.-G., Westerlund, M., Kortelainen, M.J., 2016. The effect of
network structure on radical innovation in living labs. J. Bus. Ind. Market. 31,
743e757. https://doi.org/10.1108/jbim-10-2012-0179.

Leminen, S., Turunen, T., Westerlund, M., 2015b. The grey areas between open and
closed in innovation networks. Technol. Innov. Manag. Rev. 5, 6e18. https://
doi.org/10.22215/timreview/948.

Leminen, S., Westerlund, M., 2016. A framework for understanding the different
research avenues of living labs. Int. J. Technol. Market. 11, 399. https://doi.org/
10.1504/ijtmkt.2016.10000528.

Leminen, S., Westerlund, M., 2012. Towards innovation in Living Labs networks. Int.
J. Prod. Dev. 17, 43. https://doi.org/10.1504/ijpd.2012.051161.

Leminen, S., Westerlund, M., Nystr€om, A.-G., 2012. Living labs as open-innovation
networks. Technol. Innov. Manag. Rev. 2, 6e11. https://doi.org/10.22215/
timreview602.

Leminen, S., Westerlund, M., Nystr€om, A.G., 2014. On becoming creative consumers
- user roles in living labs networks. Int. J. Technol. Market. 9, 33. https://doi.org/
10.1504/ijtmkt.2014.058082.

Lev�en, P., Holmstr€om, J., 2008. Consumer co-creation and the ecology of innovation:
a Living Lab approach. In: IRIS 31, the 31st Information Systems Research
Seminar in Scandinavia.

Levenda, A.M., 2019. Thinking critically about smart city experimentation: entre-
preneurialism and responsibilization in urban living labs. Local Environ. 24 (7),
565e579.

Leydesdorff, L., 2012. The triple helix, quadruple helix, …, and an N-tuple of helices:
explanatory models for analyzing the knowledge-based economy? J. Knowl.
Econ. 3, 25e35. https://doi.org/10.1007/s13132-011-0049-4.

Leydesdorff, L., Etzkowitz, H., 2001. The transformation of university-industry-
government relations. Electron. J. Sociol. 5, 101e117.

Mainardes, E.W., Alves, H., Raposo, M., 2011. The process of change in university
management: from the “Ivory tower” to entrepreneurialism. Transylvanian Rev.
Adm. Sci. 7, 124e149.

Mastelic, J., Sahakian, M., Bonazzi, R., 2015. How to keep a living lab alive? Info 17,
12e25. https://doi.org/10.1108/info-01-2015-0012.

McCrory, G., Sch€apke, N., Holm�en, J., Holmberg, J., 2020. Sustainability-oriented labs
in real-world contexts: an exploratory review. J. Clean. Prod. 277, 123202.
https://doi.org/10.1016/j.jclepro.2020.123202.

McPhee, C., Leminen, S., Schuurman, D., Westerlund, M., Huizingh, E., 2016. Edito-
rial: living labs and user innovation (january 2016). Technol. Innov. Manag. Rev.
6, 3e6. https://doi.org/10.22215/timreview/955.

McPhee, C., Leminen, S., Schuurman, D., Westerlund, M., Huizingh, E., 2015. Edito-
rial: living labs and user innovation (December 2015). Technol. Innov. Manag.
Rev. 5, 3e5. https://doi.org/10.22215/timreview/947.

McPhee, C., Leminen, S., Westerlund, M., 2013. Editorial: living labs (November
2013). Technol. Innov. Manag. Rev. 3, 3e4. https://doi.org/10.22215/timreview/
739.

McPhee, C., Westerlund, M., Leminen, S., 2012. Editorial: living labs. Technol. Innov.
Manag. Rev. 2, 3e5. https://doi.org/10.22215/timreview601.

Menny, M., Voytenko Palgan, Y., McCormick, K., 2018. 9. Urban living labs and the
role of users in co-creation. Gaia 27, 68e77.

Molinari, F., 2011. Living Labs as multi-stakeholder platforms for the egovernance of
innovation. In: Proceedings of the 5th International Conference on Theory and
Practice of Electronic Governance - {ICEGOV} {\textquotesingle}11. {ACM} Press.
https://doi.org/10.1145/2072069.2072092.

Mulder, I., 2012. Living labbing the rotterdam way: Co-creation as an enabler for
urban innovation. Technol. Innov. Manag. Rev. 2, 39e43. https://doi.org/
10.22215/timreview607.

Mulder, I., Velthausz, D., Kriens, M., 2008. The living labs harmonization cube:
communicating living lab’s essentials. Electron. J. Virtual Organ. Networks 10,
1e14.

Mulder, K.F., 2007. Innovation for sustainable development: from environmental
design to transition management. Sustain. Sci. 2 (2), 253e263.

Nevens, F., Frantzeskaki, N., Gorissen, L., Loorbach, D., 2013. Urban Transition Labs:
co-creating transformative action for sustainable cities. J. Clean. Prod. 50,
111e122. https://doi.org/10.1016/j.jclepro.2012.12.001.

Nystr€om, A.-G., Leminen, S., Westerlund, M., Kortelainen, M., 2014. Actor roles and
role patterns influencing innovation in living labs. Ind. Market. Manag. 43,
483e495. https://doi.org/10.1016/j.indmarman.2013.12.016.

http://refhub.elsevier.com/S0959-6526(20)35767-X/sref25
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref25
https://doi.org/10.1007/978-1-4419-1628-0_24
https://doi.org/10.5465/amr.1989.4308385
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref28
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref28
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref28
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref28
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref29
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref29
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref29
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref29
https://doi.org/10.1016/s0048-7333(02)00009-4
https://doi.org/10.1016/s0048-7333(02)00009-4
https://doi.org/10.1016/s0048-7333(98)00093-6
https://doi.org/10.1016/s0048-7333(98)00093-6
https://doi.org/10.1386/ijtm.2.3.159/1
https://doi.org/10.1111/j.1467-9310.2005.00387.x
https://doi.org/10.1111/j.1467-9310.2005.00387.x
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref34
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref34
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref35
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref35
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref35
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref35
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref36
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref36
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref37
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref37
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref37
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref38
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref38
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref39
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref39
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref39
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref39
https://doi.org/10.1177/160940690600500107
https://doi.org/10.1145/2072069.2072130
https://doi.org/10.1145/2072069.2072130
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref42
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref42
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref42
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref42
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref42
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref43
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref43
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref43
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref44
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref44
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref44
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref44
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref44
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref45
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref45
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref45
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref45
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref45
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref45
https://doi.org/10.1108/info-01-2015-0008
https://doi.org/10.22215/timreview/952
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref48
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref48
https://doi.org/10.22215/timreview793
https://doi.org/10.22215/timreview793
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref50
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref50
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref50
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref50
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref51
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref51
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref51
https://doi.org/10.5437/08956308x5603087
https://doi.org/10.1007/s11192-012-0865-8
https://doi.org/10.1016/j.jclepro.2018.12.257
https://doi.org/10.1016/j.jclepro.2018.12.257
https://doi.org/10.1016/j.procir.2018.03.149
https://doi.org/10.1080/0954412989333
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref56
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref56
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref56
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref56
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/optUTOpfEq31q
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref57
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref57
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref57
https://doi.org/10.22215/timreview740
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref59
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref59
https://doi.org/10.1016/j.jengtecman.2015.08.008
https://doi.org/10.1016/j.jengtecman.2015.08.008
https://doi.org/10.1108/jbim-10-2012-0179
https://doi.org/10.22215/timreview/948
https://doi.org/10.22215/timreview/948
https://doi.org/10.1504/ijtmkt.2016.10000528
https://doi.org/10.1504/ijtmkt.2016.10000528
https://doi.org/10.1504/ijpd.2012.051161
https://doi.org/10.22215/timreview602
https://doi.org/10.22215/timreview602
https://doi.org/10.1504/ijtmkt.2014.058082
https://doi.org/10.1504/ijtmkt.2014.058082
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref67
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref67
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref67
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref67
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref67
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref68
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref68
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref68
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref68
https://doi.org/10.1007/s13132-011-0049-4
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref70
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref70
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref70
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref71
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref71
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref71
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref71
https://doi.org/10.1108/info-01-2015-0012
https://doi.org/10.1016/j.jclepro.2020.123202
https://doi.org/10.22215/timreview/955
https://doi.org/10.22215/timreview/947
https://doi.org/10.22215/timreview/739
https://doi.org/10.22215/timreview/739
https://doi.org/10.22215/timreview601
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref78
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref78
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref78
https://doi.org/10.1145/2072069.2072092
https://doi.org/10.22215/timreview607
https://doi.org/10.22215/timreview607
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref81
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref81
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref81
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref81
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref82
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref82
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref82
https://doi.org/10.1016/j.jclepro.2012.12.001
https://doi.org/10.1016/j.indmarman.2013.12.016


L. Compagnucci, F. Spigarelli, J. Coelho et al. Journal of Cleaner Production 289 (2021) 125721
Pallot, M., Pawar, K., 2012. A holistic model of user experience for living lab expe-
riential design. In: 2012 18th International {ICE} Conference on Engineering,
Technology and Innovation. IEEE. https://doi.org/10.1109/ice.2012.6297648.

Pascu, C., van Lieshout, M., 2009. User-led, citizen innovation at the interface of
services. Info 11, 82e96. https://doi.org/10.1108/14636690910996731.

Peltom€aki, A., 2008. Foreword. In Living Labs for user-driven open innovation: an
overview of the Living Labs methodology, activities and achievements. Eur.
Comm. Luxemb. Off. Off. Publ. Eur. Communities 5.

Pino, M., Benveniste, S., Kerherv�e, H., Picard, R., Legouverneur, G., Cristancho-
Lacroix, V., Wu, Y.H., Damn�ee, S., Wrobel, J., Rigaud, A.-S., 2014. Contribution of
the Living Lab approach to the development, assessment and provision of as-
sistive technologies for supporting older adults with cognitive disorders. Stud.
Inform. Universalis 11, 34e62.

Poetz, M.K., Schreier, M., 2012. The value of crowdsourcing: can users really
compete with professionals in generating new product ideas? J. Prod. Innovat.
Manag. 29, 245e256. https://doi.org/10.1111/j.1540-5885.2011.00893.x.

Priday, G., Pedell, S., 2017. Deepening user involvement through living labs. In:
Proceedings of the 29th Australian Conference on Computer-Human Interaction
- OZCHI’17. ACM Press. https://doi.org/10.1145/3152771.3156190.

Puerari, E., de Koning, J.I.J.C., von Wirth, T., Karr�e, P.M., Mulder, I.J., Loorbach, D.A.,
2018. Co-creation dynamics in urban living labs. Sustainability 10 (6), 1893.

Purcell, W.M., Henriksen, H., Spengler, J.D., 2019. Universities as the engine of
transformational sustainability toward delivering the sustainable development
goals: “Living labs” for sustainability. Int. J. Sustain. High Educ. https://doi.org/
10.1108/IJSHE-02-2019-0103.

Rajala, R., Westerlund, M., Vuori, M., Hares, J.-P., 2013. From idea crowdsourcing to
managing user knowledge. Technol. Innov. Manag. Rev. 3, 23e31. https://
doi.org/10.22215/timreview750.

Rodrigues, C., Melo, A., 2012. The triple helix model as an instrument of local
response to the economic crisis. Eur. Plann. Stud. 20, 1483e1496. https://
doi.org/10.1080/09654313.2012.709063.

Rodrigues, C., Melo, A.I., 2013. The triple helix model as inspiration for local
development policies: an experience-based perspective. Int. J. Urban Reg. Res.
37, 1675e1687. https://doi.org/10.1111/j.1468-2427.2012.01117.x.

Rodrigues, M., Franco, M., 2018. Importance of living labs in urban Entrepreneur-
ship:A Portuguese case study. J. Clean. Prod. 180, 780e789. https://doi.org/
10.1016/j.jclepro.2018.01.150.

Schaffers, H., Kulkki, S., 2007. Living labs, an Open Innovation concept fostering
rural development. Asia-Pacific Tech Monit 30e38.

Schaffers, H., Turkama, P., 2012. Living labs for cross-border systemic innovation.
Technol. Innov. Manag. Rev. 2, 25e30. https://doi.org/10.22215/timreview605.

Schumacher, J., Feurstein, K., 2007. Living Labs-the user as co-creator. In: 2007 IEEE
International Technology Management Conference (ICE). IEEE, pp. 1e6.

Schuurman, D., Marez, L. De, 2012. Structuring user involvement in panel-based
living labs. Technol. Innov. Manag. Rev. 2, 31e38. https://doi.org/10.22215/
timreview/606.

Selltiz, C., Wrightsman, L.S., Cook, S.W., 1976. Research Methods in Social Relations.
Holt, Rinehart and Winston.

Ståhlbr€ost, A., 2013. A living lab as a service: creating value for micro-enterprises
through collaboration and innovation. Technol. Innov. Manag. Rev. 3, 37e42.
https://doi.org/10.22215/timreview744.
18
Ståhlbr€ost, A., 2012. A set of key principles to assess the impact of Living Labs. Int. J.
Prod. Dev. 17, 60. https://doi.org/10.1504/ijpd.2012.051154.

Ståhlbr€ost, A., Bergvall-Kåreborn, B., 2008. FormIT : an approach to user involve-
ment. In: Schumacher, J., Niitamo, V.-P. (Eds.), European Living Labs : A New
Approach for Human Centric Regional Innovation. Wissenschaftlicher Verlag,
pp. 63e75.

Stahlbrost, A., Kareborn, B.B., 2011. Exploring users motivation in innovation com-
munities. Int. J. Entrep. Innov. Manag. 14, 298. https://doi.org/10.1504/
ijeim.2011.043051.

Tang, T., Wu, Z., Hamalainen, M., Ji, Y., 2012. From web 2.0 to living lab: an explo-
ration of the evolved innovation principles. J. Emerg. Technol. Web Intell. 4
https://doi.org/10.4304/jetwi.4.4.379-385.

Thorlakson, T., de Zegher, J.F., Lambin, E.F., 2017. Companies’ contribution to sus-
tainability through global supply chains. Proc. Natl. Acad. Sci. U.S.A. 115 (9),
2072e2077.

Time USA LLC, 2006. Person of the year 2006 - time [WWW Document], accessed
8.2.19. http://content.time.com/time/specials/packages/0,28757,2019341,00.
html.

Trencher, G., Yarime, M., McCormick, K., Doll, C., Kraines, S., 2014. Beyond the third
mission: exploring the emerging university function of co-creation for sus-
tainability. Sci. Publ. Pol. 41 (2), 151e179.

United Nations General Assembly, 2015. Transforming our world: the 2030 agenda
for sustainable development”, 25 September. Retrieved from. www.un.org/ga/
search/view_doc.asp?symbol¼A/RES/70/1&amp;Lang¼E.

Van Geenhuizen, M., 2019. Applying an RRI filter in key learning on urban living
labs’ performance. Sustainability 11 (14), 3833.

Vargas, L., Mac-Lean, C., Huge, J., 2019. The maturation process of incorporating
sustainability in universities. Int. J. Sustain. High Educ. 20 (3), 441e451.

Vecchio, P. Del, Elia, G., Ndou, V., Secundo, G., Specchia, F., 2017. Living lab as an
approach to activate dynamic innovation ecosystems and networks: an
empirical study. Int. J. Innovat. Technol. Manag. 14, 1750024. https://doi.org/
10.1142/s0219877017500249.

Veeckman, C., Schuurman, D., Leminen, S., Westerlund, M., 2013. Linking living lab
characteristics and their outcomes: towards a conceptual framework. Technol.
Innov. Manag. Rev. 3, 6e15. https://doi.org/10.22215/timreview748.

Von Wirth, T., Fuenfschilling, L., Frantzeskaki, N., Coenen, L., 2019. Impacts of urban
living labs on sustainability transitions: mechanisms and strategies for systemic
change through experimentation. Eur. Plann. Stud. 27 (2), 229e257.

Voytenko, Y., McCormick, K., Evans, J., Schliwa, G., 2016. Urban living labs for sus-
tainability and low carbon cities in Europe: towards a research agenda. J. Clean.
Prod. 123, 45e54. https://doi.org/10.1016/j.jclepro.2015.08.053.

Weiss, T.G., Gordenker, L., 1996. NGOs, the UN, and Global Governance. Lynne
Rienner, Boulder, CO, USA.

Westerlund, M., Leminen, S., 2011. Managing the challenges of becoming an open
innovation company: experiences from living labs. Technol. Innov. Manag. Rev.
1, 19e25. https://doi.org/10.22215/timreview489.

Yawson, R.M., 2009. The ecological system of innovation: a new architectural
framework for a functional evidence-based platform for science and innovation
policy. {SSRN} Electron. J. https://doi.org/10.2139/ssrn.1417676.

Yin, R.K., 1994. Case Study Research: Design and Methods, 2nd Ed, Applied Social
Research Methods Series. Sage Publications.

https://doi.org/10.1109/ice.2012.6297648
https://doi.org/10.1108/14636690910996731
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref87
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref87
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref87
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref87
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref88
https://doi.org/10.1111/j.1540-5885.2011.00893.x
https://doi.org/10.1145/3152771.3156190
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref91
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref91
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref91
https://doi.org/10.1108/IJSHE-02-2019-0103
https://doi.org/10.1108/IJSHE-02-2019-0103
https://doi.org/10.22215/timreview750
https://doi.org/10.22215/timreview750
https://doi.org/10.1080/09654313.2012.709063
https://doi.org/10.1080/09654313.2012.709063
https://doi.org/10.1111/j.1468-2427.2012.01117.x
https://doi.org/10.1016/j.jclepro.2018.01.150
https://doi.org/10.1016/j.jclepro.2018.01.150
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref97
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref97
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref97
https://doi.org/10.22215/timreview605
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref99
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref99
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref99
https://doi.org/10.22215/timreview/606
https://doi.org/10.22215/timreview/606
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref101
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref101
https://doi.org/10.22215/timreview744
https://doi.org/10.1504/ijpd.2012.051154
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref104
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref104
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref104
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref104
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref104
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref104
https://doi.org/10.1504/ijeim.2011.043051
https://doi.org/10.1504/ijeim.2011.043051
https://doi.org/10.4304/jetwi.4.4.379-385
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref107
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref107
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref107
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref107
http://content.time.com/time/specials/packages/0,28757,2019341,00.html
http://content.time.com/time/specials/packages/0,28757,2019341,00.html
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref109
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref109
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref109
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref109
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&amp;Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&amp;Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&amp;Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&amp;Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&amp;Lang=E
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref111
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref111
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref112
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref112
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref112
https://doi.org/10.1142/s0219877017500249
https://doi.org/10.1142/s0219877017500249
https://doi.org/10.22215/timreview748
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref115
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref115
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref115
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref115
https://doi.org/10.1016/j.jclepro.2015.08.053
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref117
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref117
https://doi.org/10.22215/timreview489
https://doi.org/10.2139/ssrn.1417676
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref120
http://refhub.elsevier.com/S0959-6526(20)35767-X/sref120

	Living Labs and user engagement for innovation and sustainability
	1. Introduction
	2. Theoretical framework
	2.1. Living Labs in Europe: definition, origin and evolution
	2.2. The Living Lab as an innovation platform for the Quadruple Helix Model
	2.3. Living Labs, users and sustainability

	3. Materials and methods
	3.1. Case studies
	3.2. Methodology and data collection

	4. Results
	5. Discussion
	5.1. Context, tools, methods and approaches
	5.2. Activities, management and dissemination of results
	5.3. Innovation practices and user engagement
	5.4. Living Labs as facilitators to foster innovation and sustainability

	6. Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References


