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ABSTRACT
Living labs are promoted as an effective open innovation approach that
accelerates the adoption of innovations. However, there remain
knowledge gaps about factors that influence their effectiveness,
success, and application to sustainability transitions. Through a scoping
review on the evaluation of living labs, we identified 43 enablers and 37
barriers to effectiveness and success of living labs organised around the
themes of governance, processes, features of living labs, characteristics
of participants, adaptability, social dimensions, training and research,
technology, and elements beyond the living lab (e.g. conditions for
transition to the real world). Key enablers included strong collaborative
and iterative processes with networks and partnerships, while key
barriers included issues with supporting technology, the time and cost
of collaboration, and challenges ensuring the longevity of living labs.
We also reviewed study objectives, knowledge gaps, and future
considerations to identify priorities for future research about living lab
effectiveness and provide recommendations for their implementation.
We recommend the development of frameworks for measuring and
monitoring the success of living labs, and explore other considerations
to promote their effectiveness based on the enablers and barriers
identified. Lastly, we discuss how our findings on living lab effectiveness
and success related to this special issue. This paper contributes to the
body of research by our team (Beaudoin et al. 2022; Bronson, Devkota,
and Nguyen 2021) that aims to explore living labs in the context of
conservation, environmental, and agricultural sustainability to facilitate
transformative social-ecological change.
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Introduction

Living labs (LLs) are increasingly prominent examples of the type of novel gambit required to
address society’s complex socio-environmental challenges in environmental and agricultural sustain-
ability transitions. LLs are an approach to open innovation that engages users in real-life environ-
ments to co-develop and test innovative practices, technologies, and solutions in collaboration
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with researchers, practitioners, and other partners. The diversity in LL collaborators and its iterative
innovation model ensures sustainability problems are addressed from multiple angles, ultimately
facilitating long-term, multidimensional, and fundamental transformations required in environ-
mental and agricultural sustainability transitions (Markard, Raven, and Truffer 2012). However,
context-dependent challenges may arise in LLs, such as difficulty maintaining engagement and
motivation of collaborators (Leminen and Westerlund 2019; Ståhlbröst and Bergvall-Kåreborn
2011), loss of knowledge via inadequate provision of knowledge exchange and learning environ-
ments (Hossain, Leminen, and Westerlund 2019), or insufficient support for sustaining and
scaling-up innovation outcomes (Evans et al. 2015; Hossain, Leminen, and Westerlund 2019). Ulti-
mately, despite the popularity of LLs and their overall promise of delivering benefits, there
remains a knowledge gap around what factors facilitate or impede the effectiveness of LLs
(Ballon, Van Hoed, and Schuurman 2018; Bronson, Devkota, and Nguyen 2021). As a first step in
addressing this gap, our team has recently published a research agenda to help scholars further
explore this evaluation challenge (Beaudoin et al. 2022).

LLs have been adopted across a variety of domains, such as urban LLs used to innovate ideas and
scenarios for sustainable city transportation (e.g. APRILab, CASUAL, Green/Blue Cities, SubUrbanLab
and URB@EXP; Voytenko et al. 2016), or rural LLs to innovate a collaborative platform that can
enhance working and living in remote area (e.g. Homokháti Living Lab, Sekhukhune Living Lab,
and Cudillero Living Lab; Guzmán et al. 2008). In the agricultural context, there has been a recent
focus on the development of “agroecosystem living labs”, as exemplified by the large networks of
agroecosystem living labs in France and Canada. These networks work towards sustainability objec-
tives using ecological principles or focus on the acceleration of the development and adoption of
solutions to address urgent agri-environmental challenges, including climate change (McPhee
et al. 2021). As a result of the variety of where the LL approach is adopted, and who is adopting
the approach, there are several differing definitions of LLs circulating. Many rely on the LL definition
provided by the European Network of Living Labs (ENoLL), an international non-profit organisation
for LLs originally founded by the European Union (ENoLL 2022; Hossain, Leminen, and Westerlund
2019; McPhee et al. 2021). ENoLL’s definition states that LLs are “user-centered, open innovation eco-
systems based on a systematic user co-creation approach, integrating research and innovation pro-
cesses in real life communities and settings” (ENoLL 2022). Furthermore, five key components help to
recognise and distinguish LL: co-creation, real-life setting, multi-method approach, multi-stake-
holder participation, and active user involvement (ENoLL 2022).

Our team’s efforts (Beaudoin et al. 2022; Bronson, Devkota, and Nguyen 2021) contribute to a
body of work exploring LL approaches in the context of environmental and agricultural sustainability
transitions (McPhee et al. 2021). In this paper, we explore the broader LL literature to tackle the
evaluation and promotion of successful LL practices to ensure that, if LLs are used in the social-eco-
logical transition to tackle environmental and agricultural problems and facilitate the adoption of
innovative solutions, they can do so effectively (Fischer-Kowalski and Rotmans 2009). Specifically,
we acknowledge the need for just sustainabilities to ensure that we live within the limits of ecosys-
tems while meeting the needs of – and ensuring the quality of life for – present and future gener-
ations in ways that are equitable and just (Castán Broto and Westman 2017). To do so requires
building on insights from the social sciences to support transformative social change that can
help us face current environmental crises (Lidskog, Standring, and White 2022). Our research is
thus relevant for researchers and practitioners in the field of LLs but also for transdisciplinary
teams in the broader field of conservation, environmental, and agricultural sustainability (e.g.
social and natural scientists working with community and government partners).

Research on open innovation shows that careful development of collaborative relationships, net-
works, and appropriate resources are essential for the success of these projects (Guzmán et al. 2013a,
2013b). But what are the specific factors that lead to effective LL processes and outcomes? Studies
have explored the benefits that arise from effective LLs, including broader diversity for innovation,
enriching practice-based learning experiences, and increasing knowledge exchange for complex
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issues (Hossain, Leminen, and Westerlund 2019; Schuurman, De Marez, and Ballon 2016). However,
we also know that not all LL projects succeed. To foster success and broader impacts of LLs, we
reviewed factors that facilitate (or hinder) LL effectiveness. Thus, we aim to identify key enablers
and barriers of LL success, where a successful LL is seen as one that achieves its goals either in
terms of outcomes and impacts, or in terms of successful collaborative and co-creation processes
within the LL. We also explore common knowledge gaps and future considerations found in the lit-
erature to contextualise our findings.

Materials and methods

Research design

This scoping review is part of a larger project addressing, “What are the knowledge gaps for evalu-
ating the effectiveness and social impacts of LLs focused on environmental and agricultural sustain-
ability?”, funded by a Canadian Social Sciences and Humanities Research Council (SSHRC) knowledge
synthesis grant. The team co-created a research agenda for evaluating LLs (Beaudoin et al. 2022) and
a literature dataset was developed for a scoping review (Bronson, Devkota, and Nguyen 2021). Here,
we directly build on the work by Bronson, Devkota, and Nguyen (2021), which investigated evalu-
ation assessment methods adopted within the LL literature to measure the impacts of LLs. We
use the same dataset to analyse enablers and barriers to effectiveness of LL, and future research
considerations.

Before conducting the review, an a-priori method protocol was developed by the research team
using the Collaboration for Environmental Evidence Guidelines (2013) (Supplementary Material A).
We address relevant method details and deviations from the a-priori protocol below.

Searching for articles

We compiled and modified search terms using relevant benchmark papers (n = 8, Supplementary
Material A). Trial searches were iteratively conducted on Web of Science Core Collection (WoS)
and Scopus databases until a comprehensive search string was developed. The finalised search
string was: [“living lab*” AND (evaluat* OR performance OR effectiv* OR impact OR assess* OR
metric OR measure* OR indicator)].

Searches for peer-reviewed articles and grey literature were performed on WoS, Scopus, and
Google Scholar on 2 June 2020. Experts in the LLs field were also asked for relevant articles that
may not have been found in the aforementioned databases. No restrictions were placed on publi-
cation year, and only English results were considered.

Article screening and study eligibility criteria

Our research team (AB, CB, JG, JS, SR) used Covidence Systematic Review Software (www.
covidence.org) to screen the articles for inclusion/exclusion using pre-defined eligibility criteria.
Eligibility criteria used were: (i) article matched LL definition (Hossain, Leminen, and Westerlund
2019), (ii) article discussed LL evaluation, and (iii) article discussed LL effectiveness. We conducted
consistency checks on 5% of the total articles at title and abstract screening. Articles were
selected at random using a double-blind method. A Kappa test assessed inter-reliability of out-
comes and inconsistencies were reconciled by the research team before moving to the next
phase (McHugh 2012). For full-text screening, Bronson, Devkota, and Nguyen (2021) uploaded
articles to Voyant Tools online (www.voyant-tools.org) to text mine relevant key terms: agri*, sus-
tainable*, evaluate*, and impact*. Articles output from Voyant Tools under these conditions were
included in the final dataset.
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Data extraction

Articles included from the screening phase were used to create a dataset with relevant extracted
data: bibliographic information, description of LL(s) (location, sector, definition, LL studied), study
objectives, enablers and barriers for LL effectiveness, knowledge gaps and future considerations,
and social impacts (Supplementary Material B). Data extraction was performed by researchers AB,
CB, JG, JS, and SR and consisted of copy-pasting text directly from the articles into Google Sheets.

Qualitative analysis: thematic analysis

Qualitative data (direct quotes from articles) were thematically analysed on Google Sheets using
inductive coding to identify emerging themes (Braun and Clarke 2006). Three authors (AB, CB, VN)
coded quotes for study objectives, enablers and barriers to LL effectiveness, knowledge gaps and
future considerations, and social impacts from the included research articles. Three rounds of
coding occurred for each category. The first round of codes served to extract distinct elements
relevant to the category, the second round grouped similar codes, and the third round organised
and structured the codes into broader themes. Each round of coding was reviewed by at least
one other member of the research team. The thematic grouping was also informed both by
counts (i.e. at least 10 articles mentioned enablers or barriers for each of the broader themes),

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRIMSA) flow diagram.
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and the coder’s knowledge of the LL literature (including perceived importance of various themes
in the literature). We also explored potential relations between LL sectors and enablers, barriers,
knowledge gaps, and future considerations through cross-analyses but did not pursue this further
as no clear patterns emerged.

Results

Included articles and bibliographic information

The searches resulted in 1101 articles after duplicates were removed (Figure 1). After articles were
screened using title and abstract with eligibility criteria, 138 articles were included as relevant for
full-text screening. After full-text screening with Voyant Tools, 97 articles were excluded based on
eligibility criteria (Bronson, Devkota, and Nguyen 2021). A total of 41 articles were included and
advanced to data extraction and data analysis phases (Supplementary Material B).

Bibliographic metrics (article type and publication year) varied across the 41 included articles
(Figure 2). More than half were peer-reviewed literature (n = 22), whereas grey literature (n = 2)
was the least common. We found an overall increase from the first publication year (n = 2 in
2009) to the year we conducted searches (n = 4 in 2020), with the highest number of articles pub-
lished in 2016 (n = 6).

Living lab geographic location and sector

Most articles studying the evaluation of LLs were based in Europe (Figure 3), which aligns with the
well-known emergence and historical growth of the LL movement: although the LL approach was
pioneered in the United States, Europe became the dominant location for LL implementations start-
ing in 2003 (Leminen and Westerlund 2019).

We classified LL sectors using sectors from ENoLL (2022). One article was excluded because it did
not specify the LLs studied, so it could not be classified by sector (Salminen et al. 2011). Figure 4

Figure 2. Bibliographic metrics of included articles in the scoping review (n = 41).
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demonstrates the spread of sectors across 40 articles, with Media being the most common LL sector
and Artificial Intelligence being the least common LL sector. Each sector was counted once per
article, and multiple sectors per article were accounted for when needed (Supplementary Material B).

Given the wide spread of sectors represented in our dataset, our presentation of results is not
specific to the environment or agriculture sector. Yet, these results will inform our discussion
about how LLs can effectively be mobilised to successfully implement innovative solutions to
environmental and agricultural challenges and effectively contribute to social-ecological transitions.
More specifically, we note that LLs in the environment and agriculture sector started to be rep-
resented in our literature dataset in 2013, and were consistently represented in publications from
subsequent years. This points to the growing application of LLs in the environmental and agricultural
sector.

Article study objectives and living lab definitions

As expected, given our sampling strategy, the most common study objective within our dataset was
to investigate LL evaluation models (9 articles), and more specifically to examine different frame-
works, tools, and criteria for evaluating LLs. Other common study objectives were understanding
LL designs, LL user engagement, LL actors and relationships (all cited by 8 articles). The least
common study objective focused on identifying different types of LLs and their distinct features
(4 articles) (Supplementary Material B).

Figure 3. Geographic distribution of living labs studied across included articles (n = 41).

Figure 4. ENoLL living lab sectors. Living labs with multiple sectors were accounted for in the analysis (n = 40).
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Of the 41 included articles, 38 articles defined LLs (Supplementary Material B). The word cloud
shown in Figure 5 demonstrates the variability in LL definitions across the 38 articles, where the
most common words were “innovation” and “users”. Definitions of LLs were not uniform but
aligned with early definitions emphasising the user-centric nature of LLs that operate in real-
world environments (Leminen and Westerlund 2019).

Enablers and barriers

Most articles highlighted enablers to the effectiveness and success of a living lab (43 individual
enablers identified with a total of 337 mentions of these different enablers across 38 articles), and
many barriers were identified but less frequently mentioned (37 individual barriers identified with
only 155 total mentions of these different barriers across 36 articles). The enablers and barriers
were grouped into nine broad overarching themes (see Table 1 for an overview of the overarching
themes and Supplementary Material B for a detailed list).

Figure 6 shows each overarching theme and the individual enablers and barriers that compose
them. Notably, we found that barriers can oftentimes be enablers and vice versa, but it is the
way, quality, or level at which the practice was mobilised that determined if it was an enabler or
barrier. This was especially the case for practices that are ubiquitous in the LL framework such as
collaboration (e.g. Hagy et al. 2017; Nesti 2018; Osorio et al. 2019). Another example is data collection
on the innovation from LL participants: having reliable data in real-life settings versus unreliable data
collection is respectively an enabler or a barrier (e.g. Callari et al. 2019; Georges, Schuurman, and Ver-
voort 2016; Pigot and Giroux 2015). A third example is with motivation: maintaining motivation and
positive attitudes among participants over the duration of a LL, while avoiding participant fatigue
(Georges, Schuurman, and Vervoort 2016), is key to its longer-term success (e.g. Ley et al. 2015; Ogo-
nowski et al. 2013). Each theme is further unpacked in the following section.

Table 2 presents descriptions of the most frequently mentioned individual enablers and barriers.
The top three enablers all highlight the importance of dialogue and exchange of information in LLs.
Aligning with the definitions of LLs as user-centric, interpersonal skills and relationships are key to

Figure 5.Word cloud depicts the 40 most frequent words used to define living labs across the 41 included articles, excluding the
words “living” and “lab” due to redundancy. “Urban living labs” is abbreviated to “ulls.”
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ensure effective and successful LL processes (ENoLL 2022). Notably, the top barriers relate to
resources – including ability to use technology, capacity to collaborate, and resources and compe-
tence to sustain LLs long-term – which are necessary to facilitate the conditions that enable effective
LLs (i.e. iteration, collaboration, partnerships).

Understanding the enablers and barriers
Half of the articles in our reviewmentioned enablers and barriers related to the overarching theme of
governance (Table 1), while the second and third most frequent enablers were collaboration and part-
nerships. Collaboration was seen as enabling success in LLs while low collaboration was seen as a
barrier to success. Some recommendations to strengthen LL collaboration include to: (i) build colla-
borative arrangements that include the diversity of LL actors, (ii) openly communicate what the col-
laborative relationship involves and what is uncertain, and (iii) help actors maintain their willingness
to collaborate as the LL projects evolve (Hyysalo and Hakkarainen 2014). Similarly, partnerships and
networks were an enabler whereas a lack of coordination was a barrier. Conversely, time and cost of
collaborations was the second most frequently mentioned barrier (Table 2). Thus, having financial
resources and external support to carefully plan and facilitate collaborations helps ensure success
of LLs. Some of these trade-offs were explicitly mentioned in the literature, with some acknowled-
ging the trade-offs between structure and flexibility (e.g. centralisation provides structure and hom-
ogeneity to facilitate decision-making but can constrain innovation; Davies 2018; Hagy et al. 2017;
Moro and Puerari 2015; Veeckman et al. 2013; Von Wirth et al. 2019), and effectiveness versus
efficiency (e.g. while the LL approach can be time consuming, it can also save time by focusing
on the needs of users and facilitating access to the tacit knowledge of users; Dell’Era, Landoni,
and Gonzalez 2019; Nesti 2018).

When looking at the overarching theme process, three quarters of the articles mentioned enablers
while less than a quarter mentioned barriers (Table 1). The iterative process of LLs was the most fre-
quently mentioned individual enabler (Table 2). For example, the iterative process involves LL users
using products or practices, bringing results to LL partners to discuss improvements together, and
repeating these two steps until best results are reached (e.g. HomeLabs; Davies 2018). In terms of
process, considering methodology helped ensure success while methodological issues hindered
success and effectiveness. Having iterative processes, prototyping activities, evaluation, and space
for new ideas were all seen as enablers, with evaluation specifically highlighted as having the poten-
tial to support effective planning of LL processes (Georges, Schuurman, and Vervoort 2016; Mastelic,
Sahakian, and Bonazzi 2015). For example, short assessments, such as two-minute interviews with LL
users, can be an effective way to evaluate user involvement and adjust as needed (Salminen et al.
2011).

Table 1. Overarching themes that emerged from the analysis of enablers and barriers in the articles reviewed.

Overarching theme Description

Governance Processes that organise the functioning of living labs (e.g. structure, institutions, collaboration and
coordination, resources).

Process Processes specific to the LL framework (e.g. methodology, iteration, prototyping, evaluation).
Features of LLs Key characteristics that play a role in the overall operations of LLs (e.g. complexity, real-life setting,

early involvement, focus, infrastructure).
Characteristics of
participants

Elements tied to the actors that participate in LLs (e.g. motivation, expectations, experience, needs).

Adaptability The ways in which LLs cope with change, uncertainties, and the broader context (e.g. openness and
flexibility or lack of openness and flexibility).

Social dimensions Dimensions of social interactions in LLs that range from micro to macro scales (e.g. community,
ethics, relationships, shared understandings or lack thereof, trust or lack thereof).

Training and research Education, training, and research (or lack thereof) in LLs.
Technology Use of technology not as the targeted innovation, but as an element to support LL processes.
Beyond the LL Processes and elements that extend beyond the initial project or LL network (e.g. transition of the

innovation to real-world adoption).
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Over half of the articles identified enablers and nearly half identified barriers that were tied to the
overarching theme features of LLs (Table 1). These are defining characteristics of the aims, activities,
and contexts of LLs (Steen and Van Bueren 2017). While many features of LLs act as enablers (sharing
knowledge, early involvement, value production), many of these features could be either enablers or
barriers. For example, real-life setting was generally seen as an enabler, but could introduce a
reliability trade-off and issues with data collection because there is less control over measurements
in real-life settings relative to controlled settings (Pigot and Giroux 2015). This duality was also appar-
ent with concepts such as (lack of) clear focus for LLs, (im)proper infrastructure, and (lack of) value for

Figure 6. Number of articles mentioning enablers and barriers for living lab effectiveness. Many elements can be both enablers
and barriers depending on how it was framed in an article.
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stakeholders. The complexity of LLs and their evaluation was also identified as a barrier, especially in
large-scale projects with many stakeholders and multi-activity LLs. There is also a trade-off between
complexity and growth, as a growing LL becomes more complex and thus more difficult to manage
(Van Geenhuizen 2018).

Over half of the articles mentioned enablers tied to the overarching theme characteristics of par-
ticipants (Table 1). Again, many enablers acted as barriers (e.g. high motivation or loss of motivation;
managing expectations or having too high expectations; responding to user needs or users feeling
unheard, recruiting the “right” or the “wrong” participants for the LL). Additionally, multidisciplinarity
among participants is an enabler as multiple perspectives can add value to the LL outcome (Callari
et al. 2019). However, caution must be taken when recruiting LL participants, as inappropriate motiv-
ations can be a barrier (e.g. seeking more power rather than an improved outcome; Giboreau 2018;
Leonardi et al. 2014).

Adaptability, under the form of flexibility, creativity, openness and understanding of the broader
context, was seen as an enabler by around half of the articles while a lack of adaptability was seen as
a barrier. Flexibility in LLs was seen as supporting openness (Moro and Puerari 2015), while a trade-
off was identified between the diversity and openness of LLs and the need for evaluation models to
be replicated across LLs (Mastelic, Sahakian, and Bonazzi 2015).

Around half of the articles identified enablers and barriers tied to social dimensions (Table 1). Most
social dimensions were identified as enablers, but acted as barriers if they were lacking (e.g. building
community or lack of community, shared understandings or lack of shared understandings, good or
poor communication, long-term relationships or challenging relationships, recognition and empow-
erment or power imbalance, trust or lack of trust which can influence the quality of input received
from participants; Benavent et al. 2011).

Around a quarter of articles identified enablers and barriers tied to training and research (Table 1).
Education, training, and research were generally identified as enablers to successful and effective
LLs, while barriers included the lack of skills and expertise in LLs, the lack of research about partici-
patory approaches, the absence of an established LL typology (to understand the differing needs
and priorities of different types of LLs), and the lack of unified models to establish and evaluate
LLs. In fact, projects and LLs who follow models or guidelines for LLs (e.g. LL analysis model, LL
process reference model, stages of implementation) have a higher chance of success (Chen and
Chou 2010; Guzmán, del Carpio, et al. 2013a; Guzmán, García, et al. 2013b; Luo et al. 2012; Schuur-
man, De Marez, and Ballon 2016; Smit et al. 2011).

Table 2. Top 3 frequently mentioned enablers and barriers to effective living labs.

Category Ranking
Enablers/
Barriers Description*

Enablers 1 Iterative processes Iterative processes for data collection, feedback, and monitoring to increase LL
efficiency. This also includes identifying changing expectations and arising
obstacles throughout the LL process.

2** Collaboration Participatory approaches (e.g. co-design and co-creation) and identifying
strategies for supporting long-term collaboration (e.g. building teamwork
and problem-solving skills).

2** Partnerships and
networks

Identify and facilitate actions to support partnerships and networks. This can
include developing social activities for communication, informal interactions,
and networking opportunities.

Barriers 1 Technology issues Technology is not properly used or understood, or it is underused. There are
also risks such as unpredictable technical problems or failures.

2 Time and cost of
collaboration

There are constraints (e.g. time and cost) tied to highly structured collaboration
approaches. Mismatches between capacity and expected collaboration
outcomes can lead to increased workload for LL partners.

3 Lack of sustainability of
LL

Lack of resources, initiative, and competence for LL processes and outcomes to
be diffused beyond the project.

*Descriptions are summarised second codes. See Appendix B for a full list of second codes.
**Equal rank due to equal code count.
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The overarching theme technology was understood as the use of technology to support LL pro-
cesses (e.g. applications to support data collection or communication among participants). The
theme of Technology was considered both an enabler and a barrier (Hagy et al. 2017) and was men-
tioned by about a quarter of the articles (Table 1), with technology issues being the most frequently
mentioned barrier (Table 2). For example, technology issues include complex technology being too
difficult to test or adopt among participants, and unpredictable technical problems or failures (Ogo-
nowski et al. 2013; Schuurman et al. 2013).

Finally, factors beyond the LL also influence the success of LLs as identified by about a quarter of
the articles (Table 1). This includes supporting effective transition of the innovation to the real world
(e.g. inspirational events or political support that facilitate the implementation of innovations;
Guzmán et al. 2013b; Hagy et al. 2017), and outcomes that support policy development and environ-
mental sustainability. Barriers to the perceived success of LLs include, among others, the lack of facil-
itating conditions to transition innovations to the real world. The lack of sustainability and long-term
viability of LL processes and outcomes was the third most frequently mentioned barrier (Table 2).

Future considerations for living lab research

We identified 19 knowledge gaps (from 25 articles), understood as previously known gaps identified
by the authors in the introduction and/or literature review section of articles. We further identified 19
future considerations, defined as elements identified by the authors in the discussion and conclusion
as a result of their analysis which need to be investigated in future work, from another distinct set of
25 articles. We then grouped the knowledge gaps and future considerations in four broader themes:
outcomes, actors and relationships, LL processes, and approach and research (Table 3 and Figure 7).

The most frequent knowledge gaps identified in the articles were the need to further understand
how to create and use appropriate infrastructure (e.g. configuration of space, use of equipment and
technology, design of real-world conditions, mobile LLs; 5 articles), how to develop and use effective
models and frameworks for LLs and their evaluation – including how to adapt these models to new
contexts and LLs of various scales (5 articles), better understanding the role of LLs in the social-eco-
logical transition (4 articles), better understanding the complex, networked and multidirectional
nature of LLs (4 articles), and the need for more data to be collected throughout LL processes
and about LLs (4 articles). The most frequently mentioned future considerations were the need

Table 3. Overarching themes that emerged from the analysis of knowledge gaps and future considerations in the articles
reviewed.

Overarching theme Description of knowledge gaps and/or future considerations

Outcomes Better understanding key performance factors, how to measure performance and
impacts of LLs, and how LLs could contribute to the environmental and energy
sustainability transition. Transitions of innovations from the LL to the real world
was also a gap.

Actors and relationships Achieving long-term involvement of actors and better understanding the roles and
attributes of different actors involved in LLs were both knowledge gaps and future
considerations. There were also knowledge gaps about user typology, ethics and
relationships between actors and future research should look at actor diversity and
engagement.

LL processes Many processes that are constitutive of LLs need to be better understood.
Infrastructure related issues were both a gap and future consideration. Other
knowledge gaps include the capacities of LLs, and better understanding co-
creation, complexity, and knowledge transfer. Future research should look at
governance, technology, attributes of LLs, and evaluation.

Approach to LL design and research
about and within LLs

Knowledge gaps and future considerations need to attend to effective models or
frameworks for developing and evaluating LLs, the impacts of LL design and
feedback methods on LLs themselves (e.g. qualitative, quantitative, action
research). There was also a need for more data as part of LL activities and about LLs
(e.g. for monitoring, to enable comparative research). The need for a typology of
LLs and toolkits for non-experts were identified for future consideration.
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for more empirical quantitative and qualitative data to compare LLs (e.g. large representative
samples, long-term assessments, different scales of analysis about the performance of LLs, more
user feedback, more analysis of existing practices and tools; more data about outcomes and
impacts; 11 articles); the need for effective models and frameworks that define stages and processes
for effective LL practices in ways that are adaptable to various contexts (10 articles); and consider-
ation of the impacts of LLs and how to assess their short and long-term impacts beyond the
project, including tracking changes after innovation implementation (e.g. user experience, social
change, place-making, increased knowledge) (6 articles). In the context of social-ecological tran-
sitions, we encourage researchers to focus future efforts on better understanding which frameworks
enable LLs to have short and long-term impacts that support sustainability.

Social impacts of living labs

Only 15 of the 41 articles touched on the social impacts of LLs. As just sustainabilities emphasises the
need for ecological and social transformations to come hand in hand, we must attend to the social
impacts of LLs to ensure they can effectively contribute to the social-ecological transition. Social
impacts reported in our article dataset could be seen at the individual level (e.g. sense of belonging,
improved quality of life), the community level (e.g. improved cultural heritage or environmental

Figure 7. Number of articles mentioning knowledge gaps and future considerations for living lab effectiveness and success
research.
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sustainability), the economic level (e.g. diversifying the economy), and in terms of collaborative
capacity building (e.g. co-creation is valued, education and training as part of LL activities). For
example, co-producing in LLs can lead to scientific literacy and scientific empowerment of partici-
pants, enabling them to participate more informally in environmental policies (Nesti 2018).
However, in our review, there was an overall lack of emerging themes across the 15 articles that men-
tioned social impacts, further highlighting the need for social impacts to been studied in LL effec-
tiveness literature.

Discussion

Living labs hold great potential as a novelmethod for innovating technologies or practices thatmight
help us address the grand social and environmental challenges of our time (Hossain, Leminen, and
Westerlund 2019; McPhee et al. 2021). Our review highlights key features of LL design and processes
that are necessary for LLs to effectively target social and environmental challenges, and thus their
potential to deliver on this promise for productive social-ecological change. We build on our
findings to make specific recommendations regarding the development and evaluation of successful
LLs. We also outline limitations of our review, as well as ties to themes from the special issue “Living
Labs: Perspectives on Regenerative Approaches for Place-Based Socio-Ecological Transitions”.

Overall, our findings demonstrate the potential for LLs to be used as levers for the social-ecologi-
cal transition, but also highlights the need for more researchers to track social-ecological impacts
tied to their LL efforts, especially in the environmental and agricultural sustainability sector. Very
few studies discussed social impacts, suggesting that it remains a knowledge gap in the literature
on evaluation of LLs and their outcomes. While most of the barriers and enablers of successful
LLs identified in our analysis do not directly attend to the social-ecological transition, they must
be considered when applying LLs in this field for innovative solutions to be developed,
implemented, and adopted by the broader public to support durable social-ecological transform-
ations. LLs can only be a practical tool for the social-ecological transition if we understand how
they should operate and be evaluated to maximise effectiveness. The LL programmes at Agriculture
and Agri-Food Canada (AAFC) are a great example of diverse participants and farmer end-users col-
laborating in effective LLs to innovate on-farm agroecosystems solutions via the social-environ-
mental transition (AAFC 2021; McPhee et al. 2021).

Developing frameworks for evaluating success of living labs

Across the literature, conducting evaluations was consistently presented as a way to promote the
effectiveness and success of LLs (e.g. Guzmán et al. 2013b; Smit et al. 2011). However, the lack of
unified frameworks for evaluation was often cited as a barrier (e.g. Chen and Chou 2010; Kovács
2016; Mastelic, Sahakian, and Bonazzi 2015), a finding our research team has previously highlighted
(Bronson, Devkota, and Nguyen 2021). Analysis of knowledge gaps among articles in our dataset
highlight the need for improving the ways in which we evaluate LLs and measure their impacts.
For example, Van Geenhuizen (2018) suggests there is a need to better understand causality – or
the specific mechanisms between an LL and its broader impacts – within the evaluation of LLs.
We argue that the enablers and barriers for effective LLs identified through this scoping review
could inform specific dimensions for the development of effective evaluation practices or
common frameworks that enable comparison of LLs across sites and settings. Our findings highlight
that, at minimum, evaluation metrics and measurement frameworks should attend to the following
key dimensions of LLs: governance, processes, features of LLs, characteristics of participants, adap-
tability, social dimensions, training and research, and technology. The various enablers and barriers
identified in this paper (Figure 6) could also be used to derive precise indicators and specific criteria
that could or should be measured when evaluating the effectiveness, success and impacts of LLs.
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Thus, the field of LL research and practice should focus on analysing existing and producing new
models and frameworks for LLs and their evaluation based upon the criteria for success identified in
this scoping review. Furthermore, future research and practice should also focus on:

. Tools for generating reflexivity to adapt evaluation models to varying contexts (also identified as a
gap in Bronson, Devkota, and Nguyen (2021); and Beaudoin et al. (2022);

. Gathering more empirical data about LLs processes (including evaluation) and impacts to
strengthen our understanding of LLs and improve outcomes (e.g. conducting larger studies
with bigger samples, testing hypotheses in LLs, collecting data based on common indicators
that enable comparison, and collecting both quantitative and qualitative empirical data);

. Using outcomes of LLs to inform subsequent methodological decisions and investigating the
strengths and weaknesses of different methodological frameworks, including participatory
research designs, fuzzy set analysis, and exploratory methodologies (echoing Bronson, Devkota,
and Nguyen 2021 which uncovered tensions between methods for the evaluation of specific pro-
jects versus universal frameworks for assessments LLs; also prioritised in Beaudoin et al. 2022);

. Establishing a typology of different types of LLs that can inform the design of effective processes
in different contexts with different targeted impacts (McPhee et al. 2021 have identified features
specific to agroecosystem LLs within a proposed typology of place-based living labs, but other
types and typologies could also be identified); and,

. Creating practical toolkits for LLs and their evaluation that can serve as resources for those estab-
lishing new LLs and LL projects (could include visual toolkits for non-experts or guides with
instructions; also prioritised in Beaudoin et al. 2022).

Study limitations

Scoping reviews provide an overview of key concepts and knowledge gaps in emerging fields, such
as LLs (Munn et al. 2018). Our scoping review was conducted with an a-priori method to minimise
bias, and each step was peer-reviewed by research members to increase the reliability of findings.
However, there are still limitations to the scoping review approach. Our scoping review was
limited to English language articles, which may have missed key LL articles in other languages.
Additionally, although we conducted searches across three databases (WoS, Scopus, Google
Scholar), the majority of included articles were peer-reviewed literature (Figure 2). Our findings
may under-represent insights from other LL stakeholders included in grey literature (e.g. reports
from non-academics). Searching other databases, or including internet searches, may yield more rel-
evant grey literature. Moreover, most articles in our review focused on LLs in Europe (Figure 3) and
therefore our geographic scope was limited. Although this represents the fact that many LLs are
based in Europe (Leminen and Westerlund 2019), it highlights the bias toward LLs from developed
countries and the studies focused on them. This highlights a corresponding gap in LL literature
focused on, or emerging from, other continents. Also, our findings are limited by the scope of our
dataset that focused on the evaluation of LLs.

Although scoping review methodology entails capturing and comparing a wide breadth of
studies in the field, our review specifically compares studies on LLs driven by different institutions
(e.g. corporation, government, university), which may overlook each institution’s unique structure
and ideological commitments that can influence their definitions of “innovation”. In turn, decontex-
tualization during our review’s comparison between LL studies may have led to depoliticised results.
Our analysis, however, did reveal that government support and institutionalisation was considered
as an enabler by most who mentioned it (Davies 2018; Guzmán et al. 2013b; Kovács 2016; Moore,
Horne, and Doyon 2020), but also sometimes a barrier (Moro and Puerari 2015; Osorio et al. 2019;
Van Geenhuizen 2018) even though it was not the most common identified barrier or enabler.
Although articles typically are not explicit with their institution’s perspectives on “innovation”,
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and a LL consortium can represent a variety of institutions, we suggest future studies on LL consider
stating each involved institution’s positionality on innovation. This will help future readers and future
reviews draw clearer connections between results on social-ecological change and transitions to just
sustainability, an inherently political field.

According to the articles included in our scoping review, future research on LL effectiveness
should highlight the diversity of LL partners and provide opportunities for their perspectives and
knowledge to be disseminated. In addition to creating opportunities to increase representation of
diverse stakeholders in LLs, it is also important for future research to identify obstacles that
impede these stakeholders from disseminating their perspectives and knowledge, and how these
obstacles vary in different regions of the world.

Ties to the special issue: governance, power dynamics and co-creation

Our analysis has many implicit links to different dimensions of LLs highlighted by this special issue,
showing the potential for LLs to contribute to social-ecological change and sustainability transitions.
Governance emerged as the most frequently cited overarching theme in this literature in terms of
ensuring effectiveness and success of LLs, with 31 out of the 41 articles mentioning enablers and
barriers tied to governance (e.g. strategic governance frameworks, user-centric governance, collab-
oration and partnerships, and the cost and constraints of collaboration and co-creation; Table 1). This
shows that (in)effective governance can make or break a LL. The literature also addresses power
dynamics. Addressing power dynamics through empowerment and recognition of participants’
value and contributions was seen as a way to ensure success for LLs. This can be done through
early involvement (Kovács 2016) or by considering LL participants as research partners rather than
research subjects (Davies 2018). Furthermore, some successful LLs explicitly address ethics, for
example by evaluating power distribution and respect (Van Geenhuizen 2018). Conversely, power
imbalances such as centralised decision-making (Moro and Puerari 2015) and strategic exclusion, dis-
empowerment, and oppression (Delina 2020) are barriers to effective and successful LLs. The review
also revealed that power can be wielded to orient LL processes towards economic profitability rather
than sustainability (Van Geenhuizen 2018). We also note that modes of governance and power
dynamics may differ across cultural and geographical contexts. Overall, governance and power
dynamics thus greatly influence LLs, and in turn their ability to support just and sustainable
social-ecological change.

Collaboration and co-creation are essential features of the LL process; thus it is not surprising that
they emerged as key enablers of effective LLs. In fact, LLs are co-creation platforms (Hagy et al. 2017)
that support various types of learning, for example learning through trial and error (Nesti 2018). LLs
generally include iterative processes, including feedback and monitoring that enables learning
between different groups (e.g. users and developers; Hyysalo and Hakkarainen 2014), as well as
learning to identify and address problems as they arise (Guzmán et al. 2013b). There is increasing
recognition that co-creation and collaborations are imperative to developing effective environ-
mental and agricultural solutions (e.g. Berkes 2009; Cash et al. 2006; Nguyen et al. 2019), and thus
investing in sustained collaborations and partnerships via LLs may further enable the implemen-
tation of these environmental and agricultural solutions in the real-world. LLs may also be a mech-
anism, infrastructure, or platform where the best practices for research implementation (e.g. co-
production, knowledge exchange, participatory approaches) discussed in the environmental or agri-
cultural literature may be applied or implemented.

Evaluation, which itself can be co-created, can also assess how learning evolves over time in each
LL. Knowledge sharing, including sharing tacit knowledge, in LLs was seen to be a key enabler of
success (Ogonowski et al. 2013; Guzmán et al. 2013b). These elements tie back to the broader
approach taken by our research team. We co-created a research agenda with LL experts through
a Delphi process to identify gaps in the evaluation of LLs (Beaudoin et al. 2022). This demonstrates
how universities are supporting LLs by using co-creation techniques like those used in LLs to
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advance knowledge about LLs. In our current review, academics partnered with the AAFC and the Le
laboratoire en innovation ouverte (LLio), respectively a government body and a college centre for
the transfer of social practices, illustrating that actors with differing professional responsibilities
and constraints play different roles when generating knowledge about LLs. In our case, universities
served a coordinating research role to bring together experts and practitioners from different LLs
within and beyond government contexts to co-create valuable knowledge about LLs. The gaps
identified by the team raised questions about the evaluation of the wider impacts of LLs as well
as who participates in the evaluation process and in what ways (Beaudoin et al. 2022; Bronson,
Devkota, and Nguyen 2021), thus they could help tackle questions of justice and collaborative gov-
ernance in LLs to help work towards just sustainabilities. We also acknowledge the role that some
universities play in hosting or creating LLs, yet we caution those involved in such initiatives to
keep in mind the definition and key features of LLs. In fact, not everything that calls itself a “living
lab” respects the criteria and approach set for LLs which can lead to confusion about how to evaluate
their effectiveness.

Conclusion

Our review highlights that there is underrepresentation of LLs and LL evaluations in the grey litera-
ture, outside of Europe, and in environmental and agricultural contexts. We also found a lack of
measurement of social impacts of LLs. Most relevant for those interested to develop, study, or par-
ticipate in a successful LL are the identified enablers and barriers to effectiveness in LLs (see Table 1
and Figure 6). We offer some suggestions for practitioners and participants about key elements that
can be leveraged to drive success in LLs. We also offer this synthesis to researchers and practitioners
who should build on key enablers and barriers to develop more robust frameworks and metrics for
LL evaluation (e.g. using the enablers and barriers to derive indicators of effectiveness or success).
Indeed, while there are limits to this review, it confirms the need for such frameworks. Furthermore,
the results of the scoping review and the broader research process raises the complexity of LLs as
collaborative, participatory, and co-creation spaces. It is key that we keep asking questions about
who is involved, how, and in what way to ensure that we not only have effective LL features that
produce desirable outcomes, but that these outcomes can be obtained in just, equitable ways
through meaningful participation of all stakeholders.

Overall, this work is essential for the effective mobilisation of LL frameworks and approaches in
the context of environmental crises and social-ecological transitions. By providing guidance on
how to promote but also evaluate the effectiveness of LLs, our work contributes to conversations
on how to ensure that scholars and practitioners wanting to use a LL approach in the context of
social-ecological transitions can maximise their chances of achieving both an effective process
(e.g. co-creation, establishing shared meanings, sharing knowledge, social learning) and desired out-
comes (e.g. improved social-ecological alignment; adoption of conservation, environmental, or agri-
cultural solutions; increasingly collaborative environmental governance). Beyond guiding the
practice of LLs, knowing more about the enablers and barriers to effective LLs can also help scholars
and practitioners decide if the LL framework is appropriate and aligns with their goals, or if another
approach is better suited.
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