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a b s t r a c t

A living lab is a physical or virtual space in which to solve societal challenges, especially for urban areas,
by bringing together various stakeholders for collaboration and collective ideation. Although the notion
has received increasing attention from scholars, practitioners and policy makers, its essence remains
unclear to many. We therefore performed a systematic literature review of a sample of 114 scholarly
articles about living labs to understand the central facets discussed in the nascent literature. In particular,
we explored the origin of the living lab concept and its key paradigms and characteristics, including
stakeholder roles, contexts, challenges, main outcomes, and sustainability. While doing this, we
discovered that the number of publications about living labs has increased significantly since 2015, and
several journals are very active in publishing articles on the topic. The living lab is considered a multi-
disciplinary phenomenon and it encompasses various research domains despite typically being discussed
under open and user innovation paradigms. What is more, the existing literature views living labs
simultaneously as landscapes, real-life environments, and methodologies, and it suggests that they
include heterogeneous stakeholders and apply various business models, methods, tools and approaches.
Finally, living labs face some challenges, such as temporality, governance, efficiency, user recruitment,
sustainability, scalability and unpredictable outcomes. In contrast, the benefits include tangible and
intangible innovation and a broader diversity of innovation. Based on our analysis, we provide some
implications and suggestions for future research.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

Scholarly studies into living labs date back over a decade (Ballon
and Schuurman, 2015; Leminen et al., 2017a). The existing litera-
ture discusses living labs not just as an interesting topic that pro-
vides a multitude of research opportunities for innovative scholars
but also as a novel tool, methodology and design for practitioners to
overcome a variety of challenges and needs in today's world (e.g.
Voytenko et al., 2016; Rodrigues and Franco, 2018). Currently, there
is a large number of actively operating living labs around, although
there is a high concentration in Europe (McPhee et al., 2017).

There are numerous definitions for the concept. The European
Network of Living Labs (ENoLL), an umbrella organization for living
labs around the world, defines them as “user-centred open innova-
tion ecosystems based on a systematic user co-creation approach,
integrating research and innovation processes in real-life communities
and settings” (openlivinglabs.eu/aboutus). ENoLL's definition agrees
withmany other definitions provided in the literature. For instance,
Leminen et al. (2012: p.7) define living labs in much the same
fashion as “physical regions or virtual realities in which stakeholders
form public-private-people partnerships of firms, public agencies,
universities, institutes, and users all collaborating for creation, proto-
typing, validating, and testing of new technologies, services, products,
and systems in real-life contexts.”

Living labs encompass diverse contexts, such as local innovation
activities started by citizens out of a desire to improve their
everyday lives and the development activities of citizens, com-
panies, non-profit organizations and other stakeholders in devel-
oped societies (e.g. Nystr€om et al., 2014). Furthermore, they can
also be driven by different actors, such as users, providers, enablers
and utilizers, and this affects the focus and duration of the collab-
orative innovation effort (Leminen et al., 2012). In general, they
offer a space for testing, validation, development and co-creation in
all stages of a design and commercialization process (Buhl et al.,
2017; Leminen et al., 2017a). In this vein, living labs provide a
platform for collective innovation and development and a source of
information, as well as a testbed for novel products, services, sys-
tems and solutions (Almirall and Wareham, 2011; Leminen et al.,
2015).

Sustainability is an important element of the living lab phe-
nomenon, and several studies have addressed this (e.g. Bakıci et al.,
2013). Indeed, some studies analyse innovation and development
activities that aim to improve everyday life in a sustainable way
(e.g. Nystr€om et al., 2014). Others, meanwhile, look at transition
labs to achieve change in sustainable development (Nevens et al.,
2013), the link between sustainable innovation and living labs
(Buhl et al., 2017), and the role of design, practice, and processes in
environmental transformation (Bulkeley et al., 2016). Furthermore,
studies have explored sustainable development in smart city ac-
tivities (Leminen et al., 2017b) and in urban development and
entrepreneurship (Rodrigues and Franco, 2018).

Despite the growing scholarly attention given to living labs over
the years (Ballon and Schuurman, 2015; Leminen et al., 2017a),
their essence remains underexplored. Thus, there is an urgent need
to understand the evolution of the key facets, such as the charac-
teristics and outcomes of living labs. To date, studies providing a
comprehensive systematic literature review around the subject are
nearly non-existent. To the best of our knowledge, Følstad (2008a)
wrote the first such study, and this reviewed 32 papers to identify
theoretical foundations, processes, methods and perspectives of
living labs. Franz (2015), meanwhile, developed a more socially
centred understanding of the phenomenon. After reviewing 45
studies, Schuurman et al. (2015) concluded that research into, and
practice of, living labs was still at a nascent stage. Leminen and
Westerlund (2016) identified eight major research streams in the
existing literature at the time. Leminen et al. (2017a), meanwhile,
reviewed 195 articles to gain an understanding of the emergence of
the living lab movement. Finally, McLoughlin et al. (2018) per-
formed a bibliometric analysis of 169 articles, while a recent study
of Westerlund et al. (2018) used topic modelling for a set of 86
publications on the subject.

While the abovementioned studies have enriched our under-
standing of living labs from various perspectives, prior studies have
consistently called for a more comprehensive review of the nascent
literature in the field (e.g. McLoughlin et al., 2018;Westerlund et al.,
2018). This study therefore aims to identify the central facets of
living labs and establish a comprehensive understanding of the
phenomenon through a systematic literature review. Our research
questions are as follows: (i) What are the key characteristics of
living labs? (ii) How are living labs and sustainable development
related to each other? (iii) What are the essential future research
needs suggested in the literature?

Thus, our study makes three contributions to the body of
knowledge on the subject by (i) exploring the key paradigms of
living labs with a specific focus on open and user innovation, (ii)
synthesizing the characteristics of living labs, and (iii) pointing out
future research avenues for living labs.

This paper is structured as follows. Following this brief intro-
duction, we describe the method in the second section, including
the article search and selection process for the purpose of this re-
view. Next, we perform the review to identify key characteristics
and other key facets in the living labs literature. The subsequent
section then gives the analysis and results of this study. The final
section concludes this study by pointing out its implications and
limitations, as well as suggesting future research avenues.

2. Method

The advent of ENoLL in November 2006 as the international
federation for living labs in Europe, as well as the larger world, has
brought a large number of living labs under an umbrella associa-
tion. Since 2006, the publication of scholarly articles about the
subject has grown. For this reason, we performed a literature re-
view of the articles published over the past twelve years. Previous



M. Hossain et al. / Journal of Cleaner Production 213 (2019) 976e988978
literature review studies have applied various approaches to
identify relevant documents for analysis. Some authors searched
for articles in a single database, such as the ISI Web of Science
(WoS) (Dahlander and Gann, 2010), while others used multiple
databases and selected a final set of articles after removing dupli-
cated and irrelevant documents (Hossain, 2016). We took an
approach somewhere in between, as was used by van der Have and
Rubalcaba (2016), and searched for documents in the WoS and
Scopus databases. However, although these two databases are
considered to be the most comprehensive databases for academic
articles, we are aware that some highly cited studies may not be
included in them, so we used Google Scholar to identify such ar-
ticles. Fig. 1 illustrates an overview of the article search and selec-
tion process.

The use of keywords is essential when searching for articles.
Scholars have labelled the living lab phenomenon in several ways,
so we used various keywordsdnamely living lab, living labs, living
laboratory, living laboratories and living labbingdas the search
terms. First, we performed a search for articles in the WoS by
selecting journal articles and proceedings articles. Gonzalez-Albo
and Bordons (2011) explain that proceedings articles are journal
articles that were initially presented at a conference, but they tend
to be of similar standard to journal articles. Initially, we found 711
documents, of which 216 were journal or proceedings articles and
written in English. We extracted the basic information, such as the
title of the article, the list of authors, the name of the journal, the
publication year, and the abstract as a CSV file, which was saved in a
temporary folder. Next, we imported the CSV file into a spreadsheet
and removed irrelevant information, such as the DOI number. Next,
we read the abstract of each article, and occasionally the main text
of an article, to ensure that living labs was the main focus of the
article. Thus, we came up with 167 articles on the subject.

We then performed a search in Scopus using the same list of
keywords, resulting in 220 documents. Applying the same pro-
cedure we used for the WoS, we extracted the basic information in
CSV format and imported it into a spreadsheet. We soon became
aware of the overlap between the results from the two databases,
so we removed the duplicated articles from the search results from
the Scopus database. Like before, we ensured that the remaining
articles focused on living labs, leaving us with 101 articles from the
Scopus database. In total, we ended upwith 268 (167þ 101) unique
articles. Furthermore, we added another 40 highly cited articles
identified through Google Scholar. Altogether, a list of 308 articles
was compiled in a spreadsheet.
Total 268 articles

Web of Science
Step 1: 711 documents were found in the initial hits by 

using a set of keywords
Step 2: 216 documents were found after selecting journal 

and proceeding articles published in English 
Step 3: 167 documents were retrieved after reading 

abstract and sometimes the main part of the 
articles

Scopus
101 documents were retrieved by 
using the search approach that was 
applied in the Web of Science

A
In
fi
S
jo
fa

Fig. 1. Article searching a
Upon listing 308 articles, we perceived a key challenge: The
number of articles was quite high for a systematic literature anal-
ysis. Many previous studies had used samples of about 100 docu-
ments for their reviews (Pisoni et al., 2018). Furthermore, the
academic rigour of some articles was found to be unsatisfactory for
the purposes of this study. We downloaded all the listed articles,
with the exception of a few of inaccessible articles that were either
collected from our personal article repository or obtained via cor-
respondence with the authors. To ensure that our sample showed
sufficient scholarly rigour, we used a quality cut-off criterion,
limiting the considered articles to those that had either received a
minimum of five citations per year on Google Scholar or been
published recently in a recognized journal, such as the Journal of
Cleaner Production. In this way, we compiled a set of 114 articles to
review in this study.

We uploaded all 114 articles to the Altas.ti platform, which is
widely used for qualitative data analysis and recently for the pur-
pose of conducting literature reviews (Hossain, 2016). We read all
the articles and coded the various themes. Acknowledging the
existing literature review studies for living labs, we adopted some
of their identified themes and created new themes as we per-
formed the coding. In the coding process, we found that many ar-
ticles did not have relevant and significant findings or topics to
code. The coding work was performed iteratively. It is important to
note that our list of references does not include all the articles
looked at, because if the same or similar findings were present in
multiple articles, we refer only to the best one or two examples
based on our discretion. Once the coding process was complete for
all articles, we fine-tuned the codes and clustered them into
groups. Next, we synthesized the results.
3. Analysis and results

3.1. Main publication outlets, trends and keyword analysis

Studies of living labs have appeared in a broad range of journals
and conference proceedings. In particular, the Technology Innova-
tion Management Review is an open-access journal that has pub-
lished the greatest number of special issues and articles about the
subject to date (Westerlund et al., 2018). Moreover, the Journal of
Cleaner Production, Industrial Marketing Management and Technol-
ogy Analysis & Strategic Management are high-impact journals that
have published articles on the topic. The publication trend for living
labs had been accelerating between 2006 and 2014. There was also
Altogether
308 articles

Final
114 articles

dditional inclusion of articles: 
clusion of 40 articles with at least 
ve citations per year on Google 
cholar and recently published in 
urnals with minimum impact 
ctor 1.0 were included

Remove 194 articles that 
do not focus on living labs

nd selection process.
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a significant jump in the number of publication in 2015 and the
subsequent three years.

To understand the main research streams encompassed in the
living labs literature, we examined the keywords listed in the ar-
ticles. The keywords living lab and living labs appeared 26 times,
while user(s) appeared 23 times. Living labs are considered to play a
pivotal role in smart cities, and the keyword smart city appeared
seven times. Other keywordsdsuch as innovation, health, commu-
nity, sustainability, and systemdwere also present in many articles.
However, many articles did not include these keywords at all.

The existing literature considers living labs to be a multidisci-
plinary (Bergvall-Kåreborn et al., 2009) upper-level concept
covering diverse activities, typologies, and types of open innova-
tion. Prior studies have used the term ‘living labs’ in association
with innovation systems, experimentation, user involvement in the
product development process, and organizations facilitating an
innovation network and offering relevant services (Leminen, 2013).
The definition of living labs offered by ENoLL puts forward five key
dimensions: innovation settings, operating environments, influ-
ence on innovation processes, user engagement, and expected
outcomes (Edwards-Schachter et al., 2012). Similarly, Bergvall-
Kåreborn et al. (2009) point out five key principles: openness, in-
fluence, realism, value, and sustainability. Many definitions stress
the collaboration between different actors, combining technolog-
ical research with user research (Rits et al., 2015).

Furthermore, living labs include a set of features and principles
(Bergvall-Kåreborn et al., 2009; Guimont and Lapointe, 2016),
namely technological infrastructure, an ecosystem of stakeholders,
an open innovation process, a human-centric design approach,
community involvement, and users' natural environments.
Bergvall-Kareborn and Stahlbrost (2009) also point out that living
labs are open innovation environments in real-life contexts for new
products and services. Living labs aim to co-create innovation
through the involvement of users in real-life settings (Dell'Era and
Landoni, 2014). A review of the existing body of literature allows us
to develop a framework comprising themain facets of the living lab
phenomenon (Fig. 2).

3.2. Origins and paradigms of living labs

According to Tukiainen et al. (2015), the term ‘living laboratory’
Living Labs

Publication
- Outlet 
- Trends
- Keywords

- Origin of living labs
- Open and user 

innovation paradigm

Fig. 2. Main facets of the living labs phenom
was first used by Knight (1749). Nevertheless, the emergence of the
contemporary living lab movement has been affected by three
predecessors of living labs (Ballon and Schuurman, 2015). While
the terms ‘living lab’, ‘living laboratory’ and ‘living labbing’ have
been used interchangeably in the literature, there are two distin-
guishable approaches to living labs: the North American view and
the European view. The early North American approach and the
more recent European approach share the concept of involving
users in innovation activities in real environments. The North
American approach, however, considers living labs as demo-homes,
home labs, or houses of the future, whereas the European approach
views them as a platform to study users' everyday habits
(Schuurman et al., 2011; Leminen and Westerlund, 2016).

Some studies suggest that the living lab concept originated from
Prof. William Mitchell of the Massachusetts Institute of Technology
(e.g. Bergvall-Kåreborn et al., 2009; Budweg et al., 2011;
Schuurman et al., 2011). In addition, ENoLL credits him as the fa-
ther of the concept (ENoLL, 2018), especially because Mitchell and
his team played a significant role in boosting early living lab ac-
tivities in Europe (Leminen et al., 2017a). Other studies (e.g. Følstad,
2008b; Leminen and Westerlund, 2016) identify pioneers in the
field prior to Mitchell, such as Abowd and his colleagues at the
Georgia Institute of Technology. The living lab concept appeared in
scholarly discussion in the 1990s, when the EU began funding
various large-scale living lab projects (Følstad, 2008a; Veeckman
et al., 2013; Leminen et al., 2017a).

The characteristics of living labs are predominantly associated
with various paradigms. The previous literature puts forward two
main paradigms, namely open innovation and user innovation.
These paradigms are discussed below.

3.2.1. Living labs as an open innovation paradigm
Living labs cover a range of fields and sectors and include a

variety of expertise (e.g. Kviselius et al., 2009). Research notably
and recurrently positions living labs within discussions of open and
user innovation. For example, Schuurman et al. (2011) argue that
living labs are closely linked with the open innovation paradigm,
while several others consider living labs as a form of open innova-
tion (Westerlund and Leminen, 2011) or open innovation networks
(Leminen et al., 2012; Leminen et al., 2014; Leminen et al., 2016;
Veeckman et al., 2013). Open innovation suggests that firms cannot
s

Characteristics
- Real-life environment
- Stakeholders
- Activities
- Business model and network
- Methods, tools, and 

approaches
- Challenges
- Outcomes
- Sustainability

enon based on the existing literature.
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entirely rely on their own research and development, so they
instead need to acquire knowledge from external sources
(Chesbrough, 2006). Open innovation networks, on the other hand,
assume that different stakeholdersdsuch as suppliers, customers,
rival companies, and research units of universities and other
institutionsdget together to collaborate and innovate jointly
(Jarvenpaa and Wernick, 2012).

In the spirit of open innovation, living labs rely on external
sources for innovation (Bergvall-Kåreborn et al., 2009). In so doing,
they facilitate collaboration and help develop and validate new
products and services. Thus, living labs as innovation networks
follow the philosophy of open innovation (Nystr€om et al., 2014).
Several studies into living labs compare themwith open innovation
and suggests that there are both similarities and differences be-
tween the two (e.g. Almirall and Wareham, 2008b; Bergvall-
Kåreborn et al., 2009; Leminen, 2013). Some scholars argue that
living labs take a structured approach to open innovation. For
example, Almirall and Wareham (2008b) assume that living labs
activate and create connections between stakeholders in an open
innovation process. Conversely, Bergvall-Kåreborn et al. (2009)
propose that living labs differ from open innovation. They point
out that while living labs are often employed in a business-to-
consumer setting with a clear focus on users, products, and ser-
vices, the open innovation paradigm often focuses on the business-
to-business context. Furthermore, Guzman et al. (2013) argue that
living labs are practical approaches for implementing open inno-
vation and delivering prototypes to private organizations for
commercialization. Leminen (2013) positions open innovation as
the way that companies manage innovation, since open innovation
may be company-led or top-down. In conclusion, living labs
emphasize publiceprivateepeople partnerships and the impor-
tance of users (Westerlund and Leminen, 2011), whereas open
innovation includes a more limited collaboration between
companies.

3.2.2. Living labs as a user innovation paradigm
Several studies into living labs examine the similarities and

differences with user innovation. For example, Ståhlbr€ost and
Bergvall-Kåreborn (2011) propose that a living lab is an innova-
tion intermediary community that shares the view of a user inno-
vation approach. Edvardsson et al. (2012), meanwhile, point out
that a living lab is a context for user innovation and distinguish it
from other innovation approaches based on the dimensions of ‘in
situ’ (in a use situation) and ‘ex situ’ (outside the use situation).
Leminen (2013) in turn explains that users or user communities
solve their needs through user involvement, and this approach can
be either community-led or bottom-up. Moreover, Almirall et al.
(2012) map living labs in a landscape of various forms of user
involvement, proposing that while both the lead-user approach
and living labs view users as co-creators, living labs apply in real-
life environments.

In summary, user involvement is a key element of living labs
(Mulder et al., 2008). The literature for the subject discusses users,
citizens, end-users in living labs, and their crucial roles in innova-
tion activities (Leminen et al., 2015). For instance, Eriksson et al.
(2005) stress that citizens and civil societies are sources of inno-
vation in living labs. Bergvall-Kareborn and Stahlbrost (2009) add
that a key asset of living labs is the differences in users in society. In
addition, the nature of user participation depends upon the type of
a living lab (Leminen et al., 2012), but at the minimum, users can
provide different contents, designs, texts, pictures, audio and video
(Følstad, 2008b). In so doing, living labs help develop new products
and services by engaging users with heterogeneous knowledge,
ideas and experiences (Hielkema and Hongisto, 2013). However,
both the active and passive roles of users are necessary in living labs
for user-driven innovation (Leminen et al., 2015). In general, user
involvement indicates a shifting of innovation towards the users,
thus co-creating with them (Leminen et al., 2014).

3.3. Key characteristics of living labs

As mentioned previously, the term ‘living labs’ is an upper-
level one that covers multiple topics, so its key characteristics
have been discussed from various perspectives. Table 1 shows the
key elements found in the extant literature. Among them, Følstad
(2008b) identifies several characteristics of living labs: context
(e.g. context research, familiar context, real-world context), users
(involving users as co-creators), activity (e.g. co-creation, tech-
nical testing, evaluation), challenges (discovery), and innovative
outcomes (e.g. large-scale solutions). Mulder et al. (2008) in turn
propose six elements of living labs: user involvement, service
creation, infrastructure, governance, innovative outcomes, and
methods and tools. They underline the importance of methods
and tools, arguing that the ENoLL has been recognized in Europe
as a primary source for the methods and tools applied in living
labs.

Furthermore, Bergvall-Kåreborn et al. (2009) point out five key
components: ICT and infrastructure, management, partners and
users, research, and approaches. They share the views of Følstad
(2008b) and Mulder et al. (2008). Leminen and Westerlund
(2016), meanwhile, identify four key aspects in nine identified
research avenues for living labs, namely (i) systems (networks and
ecosystems), (ii) milieu (real-life environments) and approach, (iii)
user and public involvement, and (iv) the activity, project, or
management tool. Finally, Voytenko et al. (2016) list geographical
embeddedness, experimentation, learning, participation, user
involvement, leadership, ownership, evaluation, and refinement as
key characteristics of living labs, thus aligning with most of the
previously identified key characteristics of living labs. We will
elaborate on the various characteristics in the following
subsections.

3.3.1. Real-life environments
The experiences of users in Nordic countries has boosted the use

of living labs for real-life experimentation in Europe (Edwards-
Schachter et al., 2012). Whereas living labs are innovation in-
frastructures shared by various stakeholders (Guzman et al., 2013),
they are also real-life environments in which to experiment,
develop, co-create, validate and test existing products, services and
systems, as well as develop new products and services with
stakeholders (Følstad, 2008a; Leminen et al., 2012). Unlike con-
ventional laboratory settings, living labs assume real-life environ-
ments. The previous literature documents a diverse set of
environments, ranging from a single isolated place to broader en-
vironments such as educational institutes, people's homes and
workplaces, and even a city or a part thereof (Nystr€om et al., 2014;
Leminen et al., 2017b). The prior studies address the impact of real-
life environments on innovation through living labs differently,
however.

The first stream of literature considers real-life environments as
landscape(s) intertwined with user and stakeholder activities
(Leminen et al., 2017b). These studies assume that a contribution to
the innovation and development process means exploring the
context of use, the users, and the environment of use. Living labs
are therefore seen as providing an environment in which to eval-
uate experiences and experiment in a real-world context within a
familiar usage context (Schuurman et al., 2011). Conversely,
Almirall andWareham (2011) propose that high-level innovation is
highly transferable across various international contexts, whereas
low-level innovation is geographically and spatially constrained.



Table 1
Key characteristical elements of living labs.

Characteristics References

Real-life environments (context) Bergvall-Kåreborn et al. (2009); Følstad (2008b); Leminen and Westerlund (2016); Mulder et al. (2008); Voytenko et al. (2016)
Stakeholders Bergvall-Kåreborn et al. (2009); Følstad (2008b); Leminen and Westerlund (2016); Mulder et al. (2008); Voytenko et al. (2016)
Activities Følstad (2008b); Leminen and Westerlund (2016); Mulder et al. (2008); Voytenko et al. (2016)
Business models and networks Bergvall-Kåreborn et al. (2009); Leminen and Westerlund (2016); Mulder et al. (2008); Voytenko et al. (2016)
Methods, tools and approaches Mulder et al. (2008); Bergvall-Kåreborn et al. (2009); Leminen and Westerlund (2016)
Challenges Følstad (2008b); Guzman et al. (2013); Leminen et al., 2015
Outcomes Følstad (2008b); Leminen and Westerlund (2016); Mulder et al. (2008)
Sustainability Nystr€om et al. (2014); Leminen et al. (2016); Bakıci et al., 2013; Nevens et al., 2013; Rodrigues and Franco (2018)
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They argue that living labs as infrastructures create tacit, experi-
ential, and domain-based knowledge. Bergvall-Kåreborn et al.
(2009) distinguish living labs as a user-centric space that pre-
pares the users for open and distributed innovation and engages
relevant stakeholders in real-life contexts in creating sustainable
value. Such environments acts as a means to engage companies,
citizens, researchers and public organizations for various purposes,
such as learning (Hakkarainen and Hyysalo, 2013).

The second stream of literature portrays living lab methodologies
as innovation activities in a real-life environment. For example,
Edwards-Schachter et al. (2012) apply the living lab methodology
to identify user needs, preferences and expectations for innovation
opportunities in social innovation spaces. Dell’Era and Landoni
(2014), meanwhile, describe living labs as a design methodology
to analyse user needs in different real-life environments. Hence,
living labs are experiential environments where participants
engage in a creative space to design and experience products and
services (Dvarioniene et al., 2015).

The third stream of literature focuses on the meaning of real-life
environments. Such studies assume that living labs aspire to gather
feedback from various contexts and innovation activities (Nystr€om
et al., 2014). Surprisingly, the meaning of real-life environments is
not well explored in the living labs literature. For instance, Leminen
et al. (2015) attempt to analyse the role of real-life environments
through paradoxical tension to induce new innovations. Finally,
Bergvall-Kåreborn et al. (2015) differentiate between the concepts
of place and space in living labs.
3.3.2. Stakeholders
The existing literature about living labs emphasizes the pres-

ence of multiple stakeholders and highlights the makeup of
publiceprivate partnerships (3Ps) (e.g. Feurstein et al., 2008;
Almirall and Wareham, 2011) or publiceprivateepeople partner-
ships (4Ps) (e.g. Bergvall-Kåreborn et al., 2009a; Veeckman et al.,
2013). Whereas the former encompasses collaboration with citi-
zens, companies and public authorities (Almirall and Wareham,
2011), the latter puts forward the notion that companies, public
agencies, universities, various institutions, and users participate in
innovation activities in living labs (Westerlund and Leminen,
2011). In other words, living labs assume a quadruple helix (i.e.
a collaboration between business, research and education, public
administration, and civil society/users) (Hyysalo and
Hakkarainen, 2014).

In contrast tomany other forms of innovation, living labs involve
heterogeneous stakeholders such as academics, developers, in-
dustry representatives, citizens, and users, as well as various public
and private organizations in living lab networks (Ballon and
Schuurman, 2015; Schuurman et al., 2011). The previous litera-
ture largely takes the view that multiple different stakeholders
participate in innovation activities. For example, living labs involve
users in a way that can be addressed by companies, public orga-
nizations, policy makers, and research institutions (Almirall and
Wareham, 2008a). Evans et al. (2015) add that living labs bring a
broad variety of stakeholdersdsuch as researchers, students, citi-
zens, user communities, external people, non-profit organizations,
small firms, consultants, university estates, and facilities
staffdtogether to co-create knowledge for sustainable products
and services in real-world settings.

According to Westerlund and Leminen (2011), living labs
comprise four key actors: enablers, providers, users, and utilizers.
Enablers refer to the organizations that make it all possible, those
that enable the activities of living labs and support them by pro-
moting them or allocating financial backing or space for living labs.
Enablers could be public actors, financiers, or non-governmental
organizations (such as towns), municipalities, and regional devel-
opment organizations (Leminen et al., 2012). Providers, meanwhile,
are development organizationsdsuch as educational institutes,
universities, or consultantsdthat bring knowledge and expertise,
as well as innovation support activities (Leminen et al., 2016). Users
represent the citizens or end customers, and they are active or
passive actors that participate in living labs in various roles. Finally,
utilizers are the public or private organizations that will benefit
from the results of innovation activities in many ways (Leminen
et al., 2012).

Living labs are used to structure user participation in real-life
settings (Schuurman and De Marez, 2012). In so doing, living labs
involve users in the innovation process by providing cohesion, of-
fering support, developing competencies and promoting partici-
pants (Almirall and Wareham, 2008a). They can be open or closed
in terms of participation. Open living labs imply that anyone can
participate, while in closed living labs, participating users are pre-
selected (Dell'Era and Landoni, 2014). The open approach is simple
to implement, and it helps gather diverse feedback. The closed
approach, in contrast, enables living labs to remain highly focused,
and this approach requires engaging appropriate participants to
solve problems.

Leminen et al. (2014) identify four user roles in living labs:
informant, tester, contributor and co-creator. Users may participate
in activities, such as technological services, training sessions and
conversion meetings (Guzman et al., 2013). Utilizers, meanwhile,
are the private or public organizations that will benefit from the
outcomes of the innovation and development activities. They
initiate and promote ‘living labbing’ (Mulder, 2012) to advance their
own activities. Finally, the existing literature identifies numerous
roles for participants (Juuj€arvi and Pesso, 2013; Leminen et al.,
2014, 2015; Nystr€om et al., 2014). Among them, Nystr€om et al.
(2014) list what is perhaps the most comprehensive set of 17
roles in open networks: advocate, accessory provider, builder,
contributor, coordinator, co-creator, facilitator, gatekeeper, infor-
mant, instigator, messenger, orchestrator, planner, producer, tester,
and webber. Moreover, they point out four approaches to the roles:
structuralist, symbolic interactionist, resource-based and action-
based approaches. Stakeholder roles are very intertwined with
living lab activities.
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3.3.3. Activities
The main body of the living labs literature reveals and describes

the innovation activities conducted in living labs. The activity is one
of the most used perspectives when understanding living labs, and
the literature provides a comprehensive analysis of innovation and
collaboration activities, such as testing, validation, experimentation
and co-creation. For example, Almirall and Wareham (2008a)
identify three activities for living labs: (i) they provide services
around the user experience by engaging companies; (ii) they sup-
port lead users as entrepreneurs; and (iii) they organize users in the
innovation process. Mulder et al. (2008) in turn suggest that living
labs represent sensing, prototyping, validating, and refining com-
plex solutions in multiple real-life settings. Living labs are suitable
for developing, co-creating, validating, and testing technologies
(Almirall et al., 2012; Leminen and Westerlund, 2016). Policy
makers use them to design, explore, experience, and refine new
policies and regulations in real-life settings. Importantly, living labs
are facilitated rather than managed, because they do not assume
any authority over the individual participants (Westerlund and
Leminen, 2011), and they are considered an ongoing business ac-
tivity (Leminen and Westerlund, 2016).

Living labs can be distinguished from test beds, which empha-
size the controlled testing of technologies in a laboratory setting
(Ballon et al., 2005). Indeed, in a test bed setup, users are involved
as passive participants. In contrast, living labs encapsulate a broad
variety of innovation activities, and users are generally considered
active participants. Many living labs are of course used to test ICT
and services (Buhl et al., 2017), but co-creation as part of the living
labs experience seems to be very important (Følstad, 2008a).
Similarly, the core elements in the living lab terminology include
co-creation, co-production, an experimental environment, real-life,
users, and producers (Franz, 2015). Westerlund and Leminen (2011)
identify different approaches to user involvement. Indeed, a user
may be both an object and a subject in innovation-development
activities (Ballon et al., 2005). When a user is an object, it refers
to he or she revealing their own (user) needs and experiences, and
this relates to a customer-centric model. When a user is a subject, in
contrast, the experience includes co-developing or co-creating
innovation, and this relates to a user-driven model. Users’ collab-
oration with other living lab actors is important for value co-
creation (Leminen et al., 2012). Living labs stress a shared infra-
structure through the management of participating user commu-
nities, controlled and real environments for product validation,
logical infrastructure for user innovation, living lab strategies,
business models, technology transfer processes, and tools to facil-
itate innovation sharing (Guzman et al., 2013). A living lab entails
iterative testing and feedback (Veeckman and van der Graaf, 2015).

Living labs represent a form of experimentation wherein the
innovation and learning processes are explicitly specified
(Voytenko et al., 2016). Living lab experiments allow understanding
the society's technological requirements and the social impacts of
innovation (Hakkarainen and Hyysalo, 2013). An iterative process
of experimentation over a period of time provides a coherent base
for technological applications (Evans et al., 2015). Almirall and
Wareham (2008a) argue that living labs could be better portrayed
as an organization's activity for technological transfer and the
promotion of a city.

Living labs are intermediaries, and they need vital support from
other types of intermediaries. Intermediaries who can mediate
between developers and users are crucial, and general process
facilitation is not enough (Hakkarainen and Hyysalo, 2013). Almirall
and Wareham (2011) propose living labs as open innovation in-
termediaries assuming a private-public-people partnership. In-
termediaries also need to provide technical configuration and
substance issues for living labs (Hakkarainen and Hyysalo, 2016).
Dvarioniene et al. (2015) consider the stakeholder involvement
process as an investment in the future. Living labs provide the
opportunity for comprehensive analysis of potential solutions
(Franz, 2015), and they are useful in gaining multi-dimensional
input for innovations (Ståhlbr€ost, 2013). They also help identify a
community's needs and support technological innovations in local
governance. Living labs increase the innovative capacity of an or-
ganization by promoting user involvement, and engaging actors
who can help acquire knowledge and develop business models is
essential to capture value. Living labs are therefore appropriate
when collaboration between industry, research organizations, user
communities, civil society, and administrations is essential
(Guzman et al., 2013).

To simplify the broad variety of documented living lab activities,
Almirall and Wareham (2011) suggest grouping diverse innovation
activities into two categories: exploitation and exploration.
Exploitation covers activities targeting efficiency, implementation,
execution, production, selection, choice and refinement, whereas
exploration covers activities like capturing, discovering, generating,
and creating new knowledge and competences (March, 1991).
These activities can be performed through variations, risks, exper-
iments, plays, flexibility, and innovation.

3.3.4. Business models and networks
An emerging stream of literature investigates living labs from

the business model perspective (Rits et al., 2015). While business
models and networks are somewhat similar and closely inter-
twined concepts, there are also clear differences between them
(Zott and Amit, 2010). The business model and the living lab share a
similar objective. However, studies of business models typically
focus on a single organization, whereas living labs encompass a
broad variety of stakeholders. Living labs explore the feasibility of a
business model of complex solutions in real-life contexts (Almirall
and Wareham, 2011). Value proposition as a key element of a
business model is challenging to communicate in the living lab
context, because living labs mean different things to different
stakeholders (Schaffers and Turkama, 2012). Many living labs rely
on sustainable business models, however, because they operate
through project-based funding associated with universities or
urban-development agencies. The role of technology may be un-
derstood in terms of value appropriation and creation (Dell'Era and
Landoni, 2014).

Studies predominantly suggest that living labs include multiple
stakeholders. For example, Leminen et al. (2012) identify diverse
types of living labs. Living labs are by definition networks, because
they include multiple stakeholders in innovation and development
activities (Nystr€om et al., 2014), so the bulk of living lab literature
considers living labs as networks or ecosystems and uses the
components, actors, activities and resources of living labs to
describe such networks (Veeckman et al., 2013; Leminen et al.,
2016). Moreover, living labs are complex and require the careful
development of networks and their components (Leminen et al.,
2016). For example, living labs provide resources, including phys-
ical or virtual spaces, in an open environment (Guzman et al., 2013).
Resources for living labs also include facilities, such as co-designs,
test beds, and management tools to support the interaction be-
tween stakeholders.

Although a growing body of literature conveys living labs as
networks, explicit studies of living lab networks and their struc-
tures are still rare. Among them, Mulder et al. (2008) argue that
living labs are not just networks of infrastructure and services but
also networks of real people with rich experiences, while
Westerlund and Leminen (2011) discuss regional and global living
lab networks of multiple actors. Leminen andWesterlund (2012) in
turn explore a single living lab network encompassing the
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networks of participating stakeholders. Such living lab networks
share the mutual objectives of different stakeholders, but if
necessary, they can replace the knowledge and competence coming
from the living lab network. Furthermore, Schuurman et al. (2013)
characterize living labs as innovation networks with six defining
elements: a natural setting, multiple stakeholders, multiple
methods, short- and long-term views, user-centricity, and infra-
structure. Moreover, Leminen et al. (2015) categorises living labs as
networks including a network of living labs, a network in the
innovation system, a network of cross-border collaboration, or
single and dual living lab networks in the living lab literature.

Leminen et al. (2012) highlight four types of living labs driven by
different network actors. These are driven by different actors and
share similar stakeholders, but the aims and the durations of them
differ considerably. Leminen et al. (2016) identify three types of
network structures in living labs: the distributed multiplex
network structure, the distributed network structure, and the
centralized network structure. Moreover, the authors argue that
there are relationships between different network structures and
the driving party, as well as innovation outcomes. They suggest that
the distributed multiplex network structure enhances the emer-
gence of radical innovations, whereas incremental innovations are
often linkedwith distributed and centralized network structures. In
addition, the authors suggest that a combination of a provider- or
utilizer-driven living lab with a distributed multiplex network
structure supports the emergence of radical innovation. Finally,
Rodrigues and Franco (2018) propose living labs as open networks
promoting entrepreneurship. In summary, living labs show various
types of business models and network structures.

3.3.5. Methods, tools and approaches
Organizations increasingly apply living labs in their innovation

and development processes. Consequently, the previous literature
describes these processes through their methods, approaches and
tools. With regard to approaches, living labs have been discussed
through various designs and their combinations (Leminen and
Westerlund, 2016), suggesting that there are varying perspectives
for the living lab approach. For example, it may stand for methods
and techniques that emerge as best practice (Bergvall-Kåreborn
et al., 2009). Leminen (2013) proposes that a coordination
approach includes both top-down and bottom-up configurations,
while the participation approach includes inhalation-dominated
and exhalation-dominated options. Schuurman and De Marez
(2012) point out that living labs differ from the other innovation
approaches in their high degree of realism and involvement, where
the users become partners in the innovation process. Living labs are
relevant to measuring human behaviours and interactions
(Centellegher et al., 2016), and they provide an environment of
innovation in which to engage all relevant stakeholders in different
phases to co-create value. For instance, Almirall et al. (2012) argue
that living labs engage a group of users in the innovation process
and keep them engaged iteratively throughout the process. Simi-
larly, Brankaert et al. (2015) underline the importance of actively
involving relevant stakeholders from the initial to the final stages of
the innovation process. Finally, Hakkarainen and Hyysalo (2013)
propose that living labs help in developing context-wise insights
into development and acceptance processes.

Edwards-Schachter et al. (2012) argue that, as a method, living
labs stress users' involvement in innovation for an organization.
They view living labs as spaces for social innovation, where a
method is applied for collaborative contextual innovation. Indeed,
the living lab method is applied to explore a variety of user needs,
or specific categories of user needs, where context is an important
element and users are allowed to interact with new products and
services in everyday life (Dell'Era and Landoni, 2014). Participation
may be open to any potential users or limited to preselected users
based on the nature and practice of the living lab. Design-driven
methods work in real-life settings and are led by professional de-
signers looking for new solutions. Several methods are applied in
living labs, including ethnography and lead user innovation. Par-
ticipants in living labs produce drawings, pictures, figures, and
other representations to illustrate solutions to a particular problem
(Guzman et al., 2013).

ENoLL has been recognized in Europe as a major source of the
various methods and tools used in different living labs (Mulder
et al., 2008). The previous literature also suggests a number of
methods, including the collection and analysis of system logs,
behavioural data, ethnographic research, questionnaires, focus
groups, and observation in living labs. Thus, living labs provide the
tools to validate technologies and facilitate the development of
products and services according to the needs of users. Overall,
living labs represent a promising tool to stimulate co-creation by
including diverse target groups (Franz, 2015). This approach needs
particular methods and tools to find relevant user data, however
(Mulder et al., 2008). Living labs often include just a small number
of users, as is frequently reported (Følstad, 2008a). For example,
living labs may recruit user panels with specific characteristics to
develop and test products and services (Schuurman and De Marez,
2012). However, living labs differ widely in their use of methods
and tools (Leminen and Westerlund, 2017), and the developed
technologies need to be malleable, adaptable or multi-useable
(Almirall and Wareham, 2008a). Finally, living labs are often used
in the ICT sector to explore new applications (Brankaert et al., 2015),
and they are recognized as a means to tackle the innovation chal-
lenges that are faced by ICT service providers (Følstad, 2008a).

3.3.6. Challenges
The previous literature also suggests the importance of close

collaboration between participants in living labs in order to accel-
erate innovation activities. In so doing, stakeholders bring hetero-
geneous resources and knowledge into joint activities, and there
may be a collision of ideas between stakeholders and between a
context and stakeholders (Leminen and Westerlund, 2012).
Although prior studies are quite unified in their view of close
collaboration and the benefits it brings to different stakeholders,
they stress challenges related to themethods and concepts of living
labs. These challenges are diverse and associated with the type of
living lab and the context in which it operates. They include tem-
porality, governance, unforeseen outcomes, efficiency, the recruitment
of user group(s) and the sustainability and scalability of their inno-
vation activities.

The previous literature discusses the temporality of living labs
and their activities. For example, Leminen et al. (2012) suggest that
utilizer-driven living labs often have a short-term focus on orga-
nizational needs. Key participants may leave living lab activities,
and there will be a need to replace such players (Leminen and
Westerlund, 2012). The long-term value of living labs is also often
difficult to demonstrate to businesses, user communities, and so-
ciety (Guzman et al., 2013).

Next, the governance of living labs is challenging due to the
multifaceted situation (van Geenhuizen, 2013), and project man-
agement tools that assume linear thinking do not support activities
(Westerlund and Leminen, 2011). Living labs comprise multiple
stakeholders who are often beyond organizational boundaries, and
they cannot manage or control stakeholders but rather just moti-
vate them to engage in innovation activities (Ståhlbr€ost and
Bergvall-Kåreborn, 2011; Leminen and Westerlund, 2012). Diverse
competences and the interests of the actors may complicate tech-
nology development projects (Hakkarainen and Hyysalo, 2013),
and stakeholders may provide negative feedback that may be
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difficult to embrace (Dvarioniene et al., 2015).
Furthermore, prior studies report that living labs steer innova-

tion activities through their results with multiple stakeholders
(Ståhlbr€ost, 2008), and such results often lead to unforeseen out-
comes (Leminen et al., 2017b). Hence, living labs cannot guarantee
the achievement of the anticipated results, and their activities often
lead to unforeseen outcomes due to feedback from users. In fact,
Almirall and Wareham propose that a living lab faces challenges in
gaining support for better products and social readiness.

Moreover, the efficiency of innovation activities depends on
learning in the innovation process (Leminen and Westerlund,
2012). Scholars frequently suggest that collaborative learning in
real-life environments is one of the main rationales for setting up a
living lab (Hakkarainen and Hyysalo, 2013). Hence, the success of
living labs depends on transferring knowledge between different
parties. Often, a painful and conflicting effort is required to estab-
lish a valuable learning environment. Learning is lost on many oc-
casions as groups disband and the outcomes of a living lab are
commercialized by people unrelated to the project.

Furthermore, living labs research so far describes both passive
and active user participants (Leminen et al., 2015). As regards
passive user participants, recruitment of user groups may be chal-
lenging because new technologies may attract people with certain
personal traits (Bergvall-Kareborn and Stahlbrost, 2009).
Conversely, active user participants have their own interest in
innovation activities (Nystr€om et al., 2014). User participation is
high when sustainability is highly relevant to participants. User
engagement should therefore not be taken for granted, even if the
activities seek to solve real-life problems faced by the participants.
Co-creation is an ambition rather than a certainty in some living
labs (Følstad, 2008a).

Finally, living labs require long-term funding to sustain and scale
up their innovation activities (Guzman et al., 2013; Evans et al.,
2015). They may rely heavily on public funding, which limits their
growth. The underlying assumption is that the intended goal
emerges based on the achieved results of living lab activities among
the stakeholders. Living labs face challenges, such as a lack of
standardization and insufficient criteria for living lab performance
(Schaffers and Turkama, 2012). In summary, the challenges that
living labs face are diverse and vary significantly from one instance
to another.

3.3.7. Outcomes
The living lab literature provides diverse results for innovation

outcomes, although by definition, living labs assume innovation
activities that take place among stakeholders. Past studies describe
outcomes as a part of the innovation activities rather than focusing
on differentiating or categorizing innovation outcomes. More spe-
cifically, prior studies present the outcomes of living labs in two
different ways: (i) tangible and intangible innovation and (ii) a
diversity of innovation. However, some outcomes may be both
intangible and intangible, based on their contexts. Table 2 illus-
trates the main outcomes of living labs.

Tangible outcomes include designs, products, prototypes, solu-
tions and systems, whereas intangible outcomes include concepts,
ideas, intellectual property rights, knowledge and services (Buhl
et al., 2017; Dell'Era and Landoni, 2014; Evans et al., 2015). Ballon
et al. (2005) address products, services, solutions and systems
when differentiating living labs from test and experimental plat-
forms. Knowledge, new products and services, and intellectual
property rights are innovation outcomes in living labs (Mulder
et al., 2008). Translating a latent user need into a novel product
or service offering can be challenging, but a living lab may provide
solutions and prototypes (Leminen and Westerlund, 2012). In
innovation outcomes, products and services are coupled with the
living lab environment and various approaches (Veeckman et al.,
2013). The objectives of living labs may target the development of
a wide variety of products, systems, and services (Nystr€om et al.,
2014; Leminen et al., 2015).

The diversity of innovation suggests many innovation outcomes
for living labs, with most being incremental (Almirall and
Wareham, 2011). The stakeholders’ roles in diverse incremental
and radical innovations in real-life contexts are therefore crucial
(Nystr€om et al., 2014). Product and service innovations are typical
outcomes of living labs (Schaffers and Turkama, 2012), but systemic
innovations can also be outcomes of living labs and their ecosys-
tems. Product and service innovations can be linked with innova-
tion designs (Buhl et al., 2017). The role of space in the emergence
of social innovations is important (Edwards-Schachter et al., 2012).
Social and technological innovations can also be outcomes, with the
real-life environment supporting the development and testing of
such innovations (Rodrigues and Franco, 2018). Network structures
and the driving parties of living labs can also be combined for in-
cremental and radical innovations (Leminen et al., 2016). Most
studies, however, address incremental innovations, and very few
explore radical innovations.

3.8. Sustainability

Sustainability is a global issue, and sustainable development is
an increasingly important topic, yet many living labs do not seem to
explicitly focus on them. Sustainable innovation and living labs are
closely related to each other, and development and sustainability
are implicitly embedded in many scholarly studies into living labs.
For example, some studies analyse innovation and development
activities that look to improve the everyday life of citizens in a
sustainableway (Nystr€om et al., 2014; Leminen et al., 2016). Despite
advancements in collaborative innovation for smart cities (Bakıci
et al., 2013), there are limited studies on sustainable development
in the existing literature.

Transition labs provide arenas for change, and they focus on
sustainable development in urban settings, such as smart cities
(Nevens et al., 2013). Bulkeley et al. (2016) propose that design,
practice, and process (three elements of living labs) play critical
roles in urban development and environmental transformation.
Leminen et al. (2017b) in turn discuss platforms and sustainable
development in activities for smart cities. Rodrigues and Franco
(2018) put forward living labs as vehicles for urban development
and entrepreneurship.

Sustainability is considerably relevant at the individual, orga-
nizational, societal and governmental levels, and living labs mainly
focus on sustainable products and services (Liu et al., 2014). In
addition, Buhl et al. argue that user engagement can be stimulated
by focusing on sustainability challenges and encouraging users to
express their opinions in order to have sustainable outcomes.
Living labs can address sustainability issues, for example, by
selecting the right materials and environmentally friendly pro-
cesses to reduce a social and economic impact (Ståhlbr€ost, 2012).
Furthermore, living labs emerge as a type of collective governance
and experimentation to address sustainability, especially in urban
areas (Voytenko et al., 2016).

The sustainability of living labs increases when networks of
cross-border collaborations strengthen creativity and innovation
(Bergvall-Kåreborn et al., 2009). Living labs provide an environ-
ment in which to bring different actors together to contribute to
sustainable development. In this vein, Rodrigues and Franco (2018)
find that living labs are the ‘cradle’ for some entrepreneurships and
a vehicle for economic and social development. They can address
pressing urban problems, such as building design, green infra-
structure, and low-carbon technologies through experiments by



Table 2
Main outcomes of living labs.

Outcome type Major outcomes References

Tangible
innovation

Design Evans et al. (2015); Buhl et al. (2017)
Product Ballon et al. (2005); Mulder et al. (2008); Leminen and Westerlund (2012); Veeckman et al. (2013); Dell'Era and Landoni

(2014); Nystr€om et al. (2014); Evans et al. (2015); Leminen et al. (2015); Leminen and Westerlund, 2017
Prototype Leminen and Westerlund (2012); Nystr€om et al. (2014); Leminen et al. (2015)
Solution Ballon et al. (2005); Leminen and Westerlund (2012); Leminen and Westerlund, 2017
System Ballon et al. (2005); Nystr€om et al. (2014); Leminen et al. (2015); Leminen and Westerlund, 2017

Intangible
innovation

Concept Nystr€om et al. (2014); Leminen et al. (2015)
Idea Nystr€om et al. (2014); Leminen et al. (2015); Leminen and Westerlund, 2017
Intellectual property
rights

Mulder et al. (2008)

Knowledge Mulder et al. (2008)
Service Ballon et al. (2005); Dell'Era and Landoni (2014); Evans et al. (2015); Mulder et al. (2008); Veeckman et al. (2013)

Diversity of
innovation

Incremental innovation Almirall and Wareham (2011); Nystr€om et al. (2014); Leminen et al. (2015), 2016
Market innovation
Mid- and ground-level
innovation

Almirall and Wareham (2011)

Product innovation Schaffers and Turkama (2012); Buhl et al. (2017)
Radical innovation Nystr€om et al. (2014); Leminen et al. (2015), 2016
Service innovation Schaffers and Turkama (2012); Buhl et al. (2017)
Social innovation Edwards-Schachter et al., 2012; Rodrigues and Franco (2018)
Systemic innovation Schaffers and Turkama (2012)
Technological
innovation

Rodrigues and Franco (2018)
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integrating users and stakeholders (Evans et al., 2015). In the
context of a living lab, sustainability refers to its viability and re-
sponsibility to the community among which it operates (Bergvall-
Kåreborn et al., 2009). Thus, living labs can be concerned with
environmental, economic and social effects. However, some
scholars argue that most living labs lack a sustainable business
model because they operate under project-based funding (Schaffer
and Turkama, 2012). Sustainable living labs also face difficulties in
assessing products and services (Buhl et al., 2017). Overall, living
labs contribute to societal development in urban areas by engaging
relevant stakeholders.

4. Implications, limitations, and future research avenues

This study aimed to review the accumulated literature about
living labs in order to understand the central facets presented in the
nascent research. We conducted a thematic, systematic literature
review for a sample of 114 scholarly articles about living labs from a
variety of disciplines. Our findings about living labs and their key
characteristics provide some significant contributions to the body
of knowledge for living labs for both scholars and practitioners. We
now point out the theoretical contributions, managerial implica-
tions and suggest some future research avenues.

4.1. Theoretical implications

This study provides three theoretical implications for the living
lab literature. Firstly, we highlight the paradigms of living labs,
particularly open and user innovation. Secondly, we analyse the key
characteristics of living labs as discussed in the literature. Thirdly,
we address the role of living labs in sustainable development.

4.1.1. Paradigms of living labs
Open innovation and user innovation are paradigms that are

frequently referred to and reported as keywords in studies. These
two paradigms are often intertwined with the description and
analysis of living labs. However, the concept of the living lab is not
yet well integrated into the open innovation and user innovation
literature. Open innovation mainly focuses on bipolar relations
between firms, whereas living labs assume multiple stakeholders
and consider the importance of the real-life environment. User
innovation, in turn, assumes that users or user communities are
valuable in overcoming challenges (Von Hippel, 2007). Living labs
assume that innovation activities take place between a broad va-
riety of stakeholders rather than focusing solely on innovation ac-
tivities within the user community or between a user community
and a firm. Co-creation is a core innovation activity that take place
in a living lab with its diverse stakeholders and users. Mainstream
open innovation scholars rarely cite living labs as a form of open
innovation. In other words, they remain largely beyond the well-
acknowledged open innovation literature.
4.1.2. The key characteristics of living labs
The existing literature comprises various research streams

(Leminen et al., 2012) and suggests various characteristics for living
labs. These characteristics are diverse, especially as each living lab
has its own unique objectives, operation, finance, and actors.
Moreover, living labs are described as an approach, method,
context, environment, experimentation, network, business model,
and intermediary. However, the usage and explanations of such
terms in the previous literature are very inconsistent. Acknowl-
edging this diversity, we conclude that the definitions for living labs
and their usage varies significantly in the literature. Nonetheless,
our literature review revealed eight key characteristics of living
labs: (i) real-life environments; (ii) stakeholders; (iii) activities; (iv)
business models and networks; (v) methods, tools and approaches;
(vi) innovation outcomes; (vii) challenges; and (viii) sustainability.
4.1.3. Living labs and sustainable development
Sustainable development is implicitly embedded in some

scholarly studies, but most seem to ignore it. However, there are
some recent exceptions. Living labs allow complementary sets of
projects to offer holistic solutions to tackle unsustainable issues
(Evans et al., 2015), and they are valuable for their contribution to
sustainable development. Furthermore, living labs emphasize sus-
tainability through continuous learning and development, and they
can take significant responsibility for economic, social and
ecological effects.
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4.2. Managerial implications

Living labs have been said to offer multiple benefits to busi-
nesses, societies and users. Furthermore, living labs support
stakeholders by integrating policymaking and business-
development issues. A wider use of living labs enhances the in-
clusion and usefulness of their applications in society. Thus, living
labs are vital for transforming everyday knowledge generation into
models, methods and theories. For example, living labs are partic-
ularly valuable to different stakeholders for the opportunities they
bring, because they provide the possibility to obtain user feedback
and insights, conduct experiments, and involve a number of users
in the innovation process. They tap into tacit knowledge that can be
incorporated into products and services (Franz, 2015). Communi-
cating the aim, scope, and framework of the process in a trans-
parent manner can help maximize the benefits from the
stakeholders’ various contributions (Dvarioniene et al., 2015).
Gaining valid knowledge input is a key concern for an effective
application, however.

Many companies consider living labs to be a valuable option for
developing, testing, and improving their services with the help of
users (Guzman et al., 2013), because living labs support innovation
and result in usable products and services. They offer governance
and a structure for perceiving users’ insight and filtering problems
to promote user entrepreneurship (Hakkarainen and Hyysalo,
2013). According to Juuj€arvi and Pesso (2013), collaboration be-
tween stakeholders is crucial for the creation of innovative services,
and in particular, creating networks and engaging users are keys for
a successful living lab. Stakeholders not only help create new
servicesdthey also develop mutual understanding among them-
selves, which is very useful for solving local problems. Living labs
offer the opportunity for all stakeholders to develop a city together
in a real-life setting.

4.3. Limitations and future research avenues

This study has several limitations. Firstly, while it adopts the
systematic literature review approach on a set of articles published
over the past 12 years, it does not include publications beyond that
period. Secondly, this study identified the most significant publi-
cations during the selected period and narrowed down the sample
to comprise studies in the disciplines of innovation management,
business, engineering, and computer and information science.
Thirdly, although our sample was quite extensive, covering multi-
ple disciplines and articles published over a long period, we were
not able to encompass all living lab publications. We suggest future
research avenues as follows.

The existing literature mainly documents incremental in-
novations. Few studies explicitly highlight radical innovation in the
living lab context (Nystr€om et al., 2014; Leminen et al., 2016).
Studies exploring the commercial value of living lab activities are
also sparse. A collaborative real-life environment that engages
various types of participants is a key requirement of living labs.
However, there may be a dissonance between the aim of living labs
and the existing reality (Almirall andWareham, 2008a). The benefit
or value of living labs for stakeholders may be perceived (Leminen
and Westerlund, 2012), but the literature remains silent about
quantifying and expressing the value of living labs in clear,
measurable values. Living labs run mainly based on national or
regional funding, and most funding for them is project-based.
Therefore, very sustained funding is vital to keeping living labs
active for a long period (Guzman et al., 2013). Future research could
provide insights into quantifying how beneficial living labs arewith
clear, measurable values and how their funding can be sustained.

The previous literature also lacks comparative studies to identify
the best performing and most effective management approaches
for living labs. Although both scholarly and managerial studies into
living labs suggest many benefits for different stakeholders, their
nature and real contribution remain little known. Stakeholders
wishing to set up a living lab and its activities, as well as firms
considering developing one, find limited reference models for
developing and managing a living lab. Creating an appropriate
business model to apply products and services in practice is a
pivotal challenge for living labs. Furthermore, they comprise
numerous types of stakeholders, and while various stakeholders
certainly help to explore a problem fromvarious perspectives, it can
be challenging to keep all stakeholders focused on the main
objective of a project. Future research could explore the stake-
holders of living labs from various perspectives.

It may also be very insightful to understand the various facets of
living labs, especially considering that there are a large number of
living labs, as well as even more project initiatives in those living
labs. Many scholars interested in living labs argue that they are a
form of open innovation and user innovation. Future studies could
explore various types of open innovation activities that are per-
formed in different initiatives. To deepen our understanding, a
comprehensive exploration of the relationship between structures
and users in living labs as a context for user participation from the
co-creation perspective is necessary. This will be crucial in linking
and exploring public policy and innovation management initiatives
in future.

Furthermore, it is necessary to synthesize the multi-scalar as-
pects of various living labs. A rigorous analysis of the suitability of
living labs for methodologies, products, services, costs and benefits
would be beneficial in helping the living labs community to un-
derstand when and where living labs offer the greatest benefits for
the diverse stakeholders. In addition, the contribution of living labs
to smart cities has not been comprehensively analysed (Leminen
et al., 2017b). What is more, there is limited knowledge about
how living lab networks are structured and organized in practice
(Leminen et al., 2016). Some scholars propose three elements for
living labs: openness, empowerment and realism. A deeper un-
derstanding of how these three elements bolster each other in a
living lab project is crucial.

Living lab networks can be distinguished in accordance with the
different types of living labs based on their coordination and
participation factors, and this is an under-researched area in the
literature (Leminen, 2013). In addition, future studies could
consider the longitudinal perspectives of living labs and related
projects. Westerlund and Leminen (2011) argue that living labs are
not projects but rather a systematic method of innovation.
Exploring how the role of the users changes over time in different
projects and contexts is therefore crucial, as is a cross-country and
longitudinal analysis of innovation in living labs. Understanding
how living labs perform in multifaceted situations, as well as the
power distribution in the networks and governance, is essential.
The support that living labs receive from other intermediaries is
also under-researched in the literature. Finally, developing a
balanced understanding could be ensured by linking the freshness
of the living lab phenomenonwith the high heterogeneity in living
lab cases. We believe that this study will inspire such future
research.
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