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Complex issues like sustainable land and water management demand a transdisciplinary and collaborative
approach, such as that of living labs, bridging between science, policy, and society. Living labs facilitate active
collaboration among diverse actors from public and private sectors, research institutes, and civil society, creating
an environment that fosters innovations to address environmental challenges. However, the impact of these labs
is often assessed based only on their immediate results, overlooking the potential effects of learning during co-
creation activities. Thus, this paper develops a framework that allows to capture learning in a living lab co-
creative environment. In response to widespread calls for an epistemological basis for living labs, the study
bases the framework on relevant learning theories. First, the literature dealing with learning theories relevant to
the characteristics of living labs is reviewed. The relevant theories are identified as: behaviorism, cognitivism,
constructivism, experimental, situated, social, organizational, transformative, and connectivism. Next, the in-
sights on learning theories are used in developing a Living Lab Learning Framework with three interacting com-
ponents: A. Learning types (what), B. Learning process (how), and C. Learning levels (who), contributing to
learning outcomes. The framework distinguishes content, capacity, and network as learning types; intentional or
incidental as learning processes; and individual, team, and organization as learning levels. Finally, the potential
application of the framework during the initiation, implementation, and evaluation project phases of living labs
is highlighted. The framework is envisaged to extend the impacts of living labs beyond immediate results by
providing a systematic method for assessing learning and its outcomes and generating insights regarding future
improvements in the configuration of living lab learning environments.

1. Introduction

Complex societal challenges, such as establishing sustainable land
and water management, demand an integrated approach and engage-
ment of relevant stakeholders (Bhatta et al., 2023a; Eberle et al., 2021).
Spanning across technical, organizational, social, and political di-
mensions, these challenges are inherently dynamic and multifaceted
(Bhatta et al., 2023b; Mitiku et al., 2006). The increasing risk of climate
extremes, combined with changing social dynamics and usage patterns,
further amplify these complexities (Bhatta et al., 2023b). The prevailing
uni-disciplinary and sectoral approaches are thus, ineffective in
addressing these issues, requiring adaptive, iterative, collaborative and
transdisciplinary learning approaches that connect across the bound-
aries of science, policy, and society (Biberhofer and Rammel, 2017;
Korngv et al., 2022).

An example of an increasingly applied collaborative approach that
addresses these complex issues is the “living lab” (Ebbesson et al., 2024;
Hagy et al., 2017; Radulescu et al., 2022). The term “living lab” is often
used loosely and sometimes even strategically across diverse projects
(Leminen and Westerlund, 2015), similar to the use of term “pilot
project” (Vreugdenhil et al., 2010). Conversely, many initiatives that
exhibit the characteristics of living labs are not labelled as such (Lupp
et al., 2021). Key aspects of living labs include: (1) a focus on a real-life
environment (Eriksson et al., 2005), (2) an iterative, experimental
design with innovation as intended outcome (Pallot and Pawar, 2012;
Westerlund and Leminen, 2011), (3) a transdisciplinary and multi-
stakeholder approach to knowledge creation (Compagnucci et al.,
2021), and (4) a long-term orientation toward societal transformation
(Backhaus et al., 2023).

Since their initial establishment, living labs have been applied in
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addressing sustainability issues across diverse domains, such as smart
cities, urban and rural planning, land and water management, provision
of ecosystem services, and public governance (Bhatta et al., 2023b;
Hilbers et al., 2024). Recent research positions living lab as a means of
addressing complex societal and environmental challenges; for instance,
van den Berg et al. (2023) point out the role of living labs in accelerating
sustainable land management on a community level; Marselis et al.
(2024) highlight living labs as a learning platform for sustainable agri-
cultural (land) transition; Alamanos et al. (2022) utilize living labs for
integrated water resource management, and Ruiz-Ocampo et al. (2023)
highlight the role of water-oriented living labs in validating circular
water solutions. Tailored to the “context of application”, living labs
embrace adaptability and iteration in real-world contexts (Bhatta et al.,
2023b; Hermans et al., 2013). They facilitate active collaboration and
co-creation among diverse academic and non-academic actors from
public and private sectors, research institutes, and civil society, enabling
transdisciplinarity (Unger et al., 2022). By engaging multiple disciplines
and sectors, access is granted to heterogeneous resources and knowl-
edge, cultivating an environment conducive to innovation for sustain-
able development (Edwards-Schachter et al., 2012; Leminen and
Westerlund, 2012).

Even though innovation is traditionally viewed from an individual-
istic perspective, innovation originates from the co-creative environ-
ment where diverse ideas can gestate and interact over time (Fagerberg,
2004; Howells, 2002). Thus, knowledge exchange, mutual learning, and
interactions during co-creation lead to innovative outcomes and impacts
(De Silva et al., 2023; Sanchez and Mitchell, 2017). The success of co-
creation in fostering innovation depends on two core competencies: (i)
integration of different types of relevant knowledge, skills, and re-
sources; and (ii) the promotion of mutual learning among the actors
(Daniels and Walker, 1996; Kohlgriiber et al., 2021). Co-creation does
not require consensus; instead, it requires mutual empowerment to
achieve a bigger goal in the larger picture (Rill and Hamalainen, 2018).
Therefore, co-creation leads to desired impacts only if either formalized
or ad-hoc learning occurs within the given network of actors (Kgrngv
et al.,, 2022; van den Berg et al., 2023). Here, learning is viewed as a
continual and integrated knowledge and values creation rather than an
outcome-focused process (Sanchez and Mitchell, 2017).

However, many scientific works that indicate co-creation as one of
the crucial factors in innovation often overlook the role of learning
(Cinar et al., 2024; Stockstrom et al., 2016). Similarly, transdisciplinary
research tends to focus on immediate output and often ignores the po-
tential impacts of activities and learning processes (Lux et al., 2019). In
living labs, attention primarily centers on the contexts, methodologies,
and intended outcomes, with little consideration for what is being
learned, who is learning, and the processes supporting the desired
innovative outcomes. Despite this oversight, living labs harbor multiple
sources of knowledge, mobilize existing knowledge, and generate new
knowledge (Lehmann et al., 2015). Insights into ways to facilitate
learning within participatory and co-creative environments, therefore,
can significantly enhance their innovation capacity and potentially in-
fluence decision-making (Andrade et al., 2022; Sinclair et al., 2008).
Furthermore, existing research stresses the need to explore understudied
aspects of living labs with appropriate theoretical foundations (Puerari
et al., 2018; Stahlbrost, 2008). Accordingly, this paper explores diverse
learning theories relevant to living labs to provide an epistemological
basis for living lab learning. Learning theories provide insights into how
individuals, groups, and systems acquire knowledge and how this
learning results in collaboration, adaptation, and innovation (Harasim,
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2017). The insights garnered on learning theories are then used to
develop an analytical framework to capture learning outcomes and
guide the design of the participatory, iterative, and systemic processes
necessary to address complex societal challenges effectively (Tasir and
Hao, 2024).

The paper is structured as follows. After this introduction, a theo-
retical background on the epistemological underpinning of learning
theories is provided, followed by the methodology section. Next, rele-
vant learning theories applicable to living labs are explored in relation to
their core characteristics, culminating in the development of an
analytical living lab learning framework. Finally, the last section of the
paper presents the conclusions, outlining the research limitations and
the scope for further research.

2. Epistemological assumptions of learning theories

Learning theories help us understand how learning occurs and how
knowledge is acquired (Harasim, 2017). The perspectives adopted by
learning theories are influenced by their epistemological positions
(Ataro, 2020; Kelly et al., 2012). Epistemology deals with the nature of
knowledge and the way of acquiring and communicating knowledge
(Ataro, 2020), thus, is essential for making judgments about current
learning processes and for improving and redefining future learning
approaches (Harasim, 2017; Stoten, 2024). Two main schools of thought
dominate discussions on the nature of knowledge: Objectivist and
Constructivist (Ataro, 2020; Cronjé, 2020; Harasim, 2017). Objectivism
epistemology asserts that knowledge exists independently of the
knower, while constructivism argues that reality is internally shaped by
individual’s subjective understanding and interpretation (Fig. 1)
(Cronjé, 2006; Jonassen, 1991).

The broader landscape of epistemic theorization is enriched by
several views on how knowledge is acquired, validated, and applied.
Some key epistemologies related to objectivism and constructivism to
various degrees include critical realism, pragmatism, social construc-
tivism, and post-modernism (Barfi et al., 2021; Cruz et al., 2021).

The perspective adopted in a co-creative environment influences its
embedded epistemological assumptions, guiding its methods and de-
signs (Ataro, 2020). Moreover, transdisciplinary and collaborative
research, such as living labs, demonstrates that epistemological view-
points are fluid and can change throughout the task, project, or research
(Cruz et al., 2021). Traditionally, learning theories aimed to understand
human behavior, with three major types: behaviorist, cognitivist, and
constructivist, emerging in the twentieth century. While these theories
are well-established, they primarily explain relatively simple forms of
learning (Steffens, 2015). Consequently, the twenty-first century has
seen the development of new learning types driven by complexities,
collaborative approaches, and digital advancements.

In the case of living labs, learning doesn’t fall within the traditional
teacher-student settings. Instead, participants are adults with diverse
backgrounds, experiences, and memories who actively share knowledge,
exchange insights, and collectively contribute to the learning experi-
ence. This approach shifts the focus from pedagogy, where teachers
control what and how learning occurs, to andragogy, which emphasizes
self-directed, interactive adult learning, or even heutagogy, character-
ized by self-determined, proactive, and technology-assisted learning
(Glassner et al., 2020; Holmes and Preston, 2020). Adults are inclined to
learn things relevant to their own life situations (Illeris, 20033 thus,
collaborative and co-creative learning should be viewed from the
learner’s perspective. The epistemology in such practices is multi-
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A. Figures in manuscript

Objectivism
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Constructivism

»

i Argues that objective truths and facts exist
regardless of an individual's perspective or
interpretation, and reality is seen as stable.

- Knowledge can be discovered through empirical
observation, experimentation, and rational
thinking.

- Knowledge is viewed as hard, tangible,
measurable, and static (Ataro, 2020).

- Strongly associated with quantitative research.

- Suggests that knowledge is actively constructed b;
individuals based on their experiences,
perceptions, and interactions.

- Emphasizes the role of social, cultural, & personal
contexts in shaping how individuals perceive and
construct knowledge.

- Knowledge is viewed as subjective, personal,
unique, and flexible (Ataro, 2020).

- Mostly associated with qualitative research.

Fig. 1. Objectivism and constructivism continuum.

layered and evolving (Heath, 2014). However, by adopting an appro-
priate outlook, different learning theories can be combined to
compensate for the limitations of individual theories, as demonstrated
by Hendricks (2006), Carman (2002), Dangwal (2017), and Sabri
(2017). Indeed, learning is too complex to be the sole province of any
one theoretical perspective, research, or method (Bell, 2004). Instead of
seeking a singular approach, we, therefore, explore diverse learning
theories that align with the multifaceted nature of living labs.

3. Research design

The first part of the research aims to explore and identify learning
theories relevant to living labs. A Scopus and Web of Science (WOS)
databases search using keywords “learning theor*” AND “living lab*”
yielded only four papers (Blezer et al., 2024; Knickel et al., 2023;
O’Brien et al., 2021; Van der Horst and Staddon, 2018). However, each
term searched individually yielded 25,227 and 3708 papers respec-
tively. To focus our search, we therefore chose to investigate learning
theories in relation to the core characteristics of living labs rather than
the term itself. Bhatta et al. (2023b), define the core characteristics as:
based in “real-life setting”, pursuing “innovation”, “user-centered” (‘co-
creative”), and involvement of “multi-stakeholders” (“quadruple-
helix™), and identify two additional key aspects of living labs, namely a
focus on “sustainability” and cognizant of “digitalization”. Overall, the
method provided by Arksey and O’Malley (2005) was followed in this
review process, i.e., identifying relevant papers via different sources,
selecting papers, organizing the data (e.g. in MS Excel), and summari-
zing the result analysis (Fig. 3). The literature search was conducted on
Scopus and WOS using the keywords “learning theor*” AND [(“real-life

context” OR “real-life setting™), (“innovation” AND Doc Type “review”),
(“user-centered” OR “‘user-centric”), (“co-creation” OR ‘“co-creative™),
(“multi* stakeholders” OR “quadruple helix”), (“Digital age” AND
“digitalization™), (“sustainability” OR “sustainable™)] in the title, ab-
stract, and keywords. For the term “innovation”, only review papers
were selected as a non-limited search returned 865 papers in Scopus
alone. The keywords used yielded 287 papers (Table 1). A complete list,
including titles and the learning theories utilized in these papers, is
available in the supplementary material A (table A-C; chart A).

After removing duplicates, the remaining 276 papers were examined
to determine if they applied or were based on a certain learning theory,
second circle in Fig. 2. By searching for living lab core characteristics, we
were able to obtain articles in which co-creation, user-centric, iterative
and systemic aspects were evident, yet the authors didn’t use the term
living labs.

The analytical process followed in extracting the learning theories
comprises the following steps: First, the papers were screened using their
abstracts to identify the learning theories that the authors of these pa-
pers claimed to have applied or operationalized. When the abstract
didn’t clearly indicate which learning theory was utilized, the full paper
was examined. The 51 eliminated papers referred to learning theories,
but didn’t actually apply them. The learning theories in the remaining
225 papers were then listed explicitly. For example, in the supplemen-
tary material A, Table C, paper C-8, Hosseini and Okkonen (2022) state
that they employed transformative and adult learning theory in a
user-centric context; thus “transformative” and “adult” learning theories
are listed. Similarly, for paper E-8 by Zada et al. (2023) “social” learning
theory is listed as the paper states that it is grounded in social learning
theory in a context that involves multiple stakeholders. In this manner,

Table 1
Keywords used for search in Scopus + WOS.
No. of papers
“Learning theor*” AND “Real-life setting” OR “Real-life context” 13
“innovation” AND Doc type “review” 66
“User-centered” OR “User-centric” 33
“Co-creation” OR “Co-creative” 33
“Multi* stakeholders™ OR “quadruple helix” 23
“Digitalization” OR “Digital age” 79
“sustainability” OR “sustainable” 40
Total papers: 287
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40 learning theories listed

(analysis in supplementary material A)

N

A
Final papers: ||
225 | :‘ 29itheories 11 theories
considered %
" deemed irrelevant
relevant for living

/ for living labs

e (supplementary
material A)

L

20 were found to be more specific/
extended instances of 9 learning
theories (supplementary material A);

labs
(supplementary
material A)

@

N
Learning theories in these
papers were listed and
evaluated for potential
inclusion in this study
J

9 learning theories are selected for
the study (Figure 3)

Fig. 2. Strategy adopted to select the papers and learning theories applicable to this study.

40 learning theories were listed (supplementary material A, Table D).
The learning theories differed in their occurrence frequency and level of
abstraction. The more frequently occurring theories (ten or more men-
tions) were well-established and widely used, whereas the less frequent
ones (five or fewer mentions) were relatively niche and appeared in
specific instances. All identified learning theories were analyzed for
potential inclusion in this study. After analyses, nine theories were
deemed to be at a consistent level of abstraction, and twenty were found
to be more specific or extended instances thereof, while the remaining
eleven were considered to be of little or no relevance to this study
(argumentation can be found in supplementary material A; Table E). The
nine theories are presented in result section (Fig. 3). The full analysis
was carried out by the first author, with the other authors independently
reviewing the findings.

Next, we evaluated the selected theories based on three major
questions; “What type of knowledge is produced?”, “How does learning
occur in a specific learning theory?”, and “Who is learning?” (Ropes and
Tholke, 2010; Russell, 2006). This information was used to develop an
analytical Living Lab Learning Framework with three interacting compo-
nents: the what (learning types), the how (learning processes), and the
who (learning levels) (Romijn et al., 2021; Ropes and Tholke, 2010).
Learning types were distinguished as instrumental (substantive)
knowledge, practical capacity learning, communicative knowledge,

Behaviorism A. Classic
G. Connectivism Cognitivism learning
theories
Constructivism
F. Transformative
E. Organizatiopal
4 B. Experiential
D. Social C. Situated

Fig. 3. Learning theories relevant to the characteristics of living labs.

network knowledge, and critical reflection based on the work of Cranton
(2001), Vreugdenhil et al. (2010), and Galway et al. (2016). Similarly,
for each learning theory, the central learning process was identified.
Finally, we built our understanding of learning levels based on Ropes
and Tholke (2010), Huber (1991), and Sessa and London (2015) as in-
dividual, group, and organizational levels. All these inputs were used to
realize the Living Lab Learning Framework.

4. Results and discussion

Nine learning theories were found to be the most relevant to living
lab environments, namely behaviorism, cognitivism, constructivism,
experiential, situated, social, organizational, transformative, and con-
nectivism learning theories, as shown in Fig. 3.

The learning theories numbered (A-G) are summarized in Table 2 of
section 4.1 and explained in detailed in the supplementary material B
(along with the insights on the need to connect these theories and the
possible links between modern learning theories). Section 4.2 provides
illustrative examples of how these theories have been used or can be
operationalized in a living lab context, and Table 3 shows the relation-
ship between the identified learning theories and living lab character-
istics. Section 4.3 develops a living lab learning framework, based on
Table 4, where Table 4 connects key concepts (italicized) in each
learning theory with the components (bolded) of the learning frame-
work. Section 4.4 then highlights the added value of the living lab
learning framework.

4.1. Relevant learning theories

The learning theories identified as relevant to living lab character-
istics, namely behaviorism, cognitivism, constructivism, experiential,
situated, social, organizational, transformative, and connectivism are
described in detail in the supplementary material B, and summarized in
Table 2, column 1. Table 2 further organizes these learning theories
according to the three key questions posed in Section 3; “What type of
knowledge is produced?”, “How does learning occur within each the-
ory?”, and “Who is learning?”. This categorization allowed identifica-
tion of the learning types, processes and levels associated with each
learning theory.
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Table 2
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Summary of nine learning theories organized for three interacting components: learning types, processes, and levels.

Theories

Summarized Explanation

Type (what)

Process (how)

Level (who)

A. Behaviorism

Learning is a result of external stimuli
leading to observable behaviors.
Reinforcement and punishment shape
behavior

Learning as an observable change in
behavior (Conradie, 2014)

New input information is processed
in short- or long-term memory to
produce learned output behavior

Cognitivism Focuses on mental processes such as

attention, memory, and problem-solving.

Learning involves encoding, storing, and

retrieving information. (Jung, 2019)
Constructivism  Learners actively build understanding by

B. Experiential

C. Situated

D. Social

E. Organizational

F. Transformative

G. Connectivism

connecting new information to existing
mental structures

Learning involves a continuous cycle of
concrete experience, reflective observation,
abstract conceptualization, and active
experimentation.

Learning is situated in real-world contexts,
and knowledge is acquired through active
participation in meaningful activities
within a community of practice

The first approach defines learning as
observations, interactions, and
communication within social situations (
Conradie, 2014). This theory centers
around the idea that individuals create
knowledge socially through shared
experiences

Involves making adjustments and
improvements within the existing
organizational framework (single-loop)
and questioning underlying assumptions
and values (double-loop) (Dutta and
Crossan, 2005).

Involves a profound shift in an individual’s
perspectives, beliefs, and assumptions.
Learning occurs through critical reflection
and a reevaluation of one’s worldview.
Defines learning as connections to a
network of knowledge that can include any
form of interaction (Hendricks, 2019;
Masethe et al., 2017)

Construction of new knowledge
building on previous ones; meaning
construction based on personal
experiences

emphasizes the practical application
of knowledge from content- and
learner-perspective

knowledge, skills, and tactics are co-
constructed among peers through
active engagement through social
interactions and negotiations

It argues that social and cultural
values and practices play a key role in
fostering learning within a group by
sharing common environmental and
experiential factors

focuses on understanding knowledge
acquisition, creation, retention, and
transfer in organizations (Crossan

et al., 1999)

It offers a framework for
understanding how individuals can
undergo profound shifts in their
perspectives, beliefs, and actions.
Shift to new ways of self-regulated
learning through networks and
databases on different

e-learning platforms

Stimulus-Response

Information
Processing (
Mubhajirah, 2020)

Active Construction of
Knowledge

Reflection on
Experience

Learning in Authentic
Contexts (Curnow,
2022)

Observational
Learning & Modeling (
Vygotsky & Cole,
1978)

Single-Loop and
Double-Loop Learning

Perspective
Transformation (
Gamache et al., 2020)

Networked Learning

Individual

It focuses on learning through individual
or team’s experiences, and less on social
interactions

It shifts from a solely individual
(cognitive activity) and regards learning
as a process of participation in
communities of practice

Early work is conceptualized as
individual learning influenced by
imitating other’s behaviors & attitudes;
the latter approach highlights the role of
the social or cultural environment in
learning

Situated in the learning activities of
individuals, teams, and (inter)
organizational networks; multilevel
where different processes link the
individual to group and organization

Approaches learning as the process of
reinterpreting one’s habits and opinions

Connections and networks with other
individuals, information, resources, and
technologies

4.2. A brief overview of learning theories in living lab methods and

C. Situational learning is evident in living labs that employ methods such

activities

As mentioned at the start of section 3, only four papers specifically

outline the application of learning theories in living labs, with social
learning theory applied thrice, experiential applied twice, and situa-
tional and transformative each applied once. Further, in practice, many
activities in living labs, such as peer-led learning, field experiments,
workshops, seminars, open (online and offline) communities, and
communities of practice (COP) (Huang and Thomas, 2021), are groun-
ded in one or more of these theories. This section provides a brief insight
into a few common living lab activities and how they embody different
learning theories (annotated A to G) without seeking to be compre-
hensive. Furthermore, the relationship between selected learning the-
ories and living lab characteristics is detailed in Table 3.

A.

Participants in all living labs learn through exposure to diverse
knowledge, engage in individual cognitive mental processes such as
information processing, comprehending, and memory-based
learning, as described in the classic learning theories.

. Collaborative learning activities in living labs put more emphasis on

experiential learning theory (Daniels and Walker, 1996). They
emphasize hands-on experiences and reflection through exploration
and experimentation to solve real-world problems through field
trips, experiments, and trials, founded on experiential learning theory
(Huang and Thomas, 2021; O’Brien et al., 2021).

as COP and ethnographic studies (Tusting and Barton, 2003). Ele-
ments of situated learning theory, such as embeddedness in real-
world contexts, adaptive learning, and active participation, can be
observed in living labs (Van der Horst and Staddon, 2018).

. Living labs demonstrate social learning through participative,

collaborative, and co-creative processes through methods such as
brainstorming activities, workshops, peer-led working groups, and so
on. Social learning theory, as highlighted by Knickel et al. (2023) and
Blezer et al. (2024), supports community collaboration and shared
learning experiences in living labs.

. Many living labs operate at a long-term organizational level. Further,

various representatives from public and private sectors, research
institutions, and civil society co-create in living labs, communicate,
and make decisions within an organization-like-setting. Organiza-
tional learning unfolds at individual, team, and organizational levels,
where actors can improve their existing framework, reevaluate their
assumptions, and transfer insights gained from living labs back to
their organizations and other contexts.

. Transformative learning in living labs encourages reflection and

perspective shifts, fostering empowerment among participants.
Living labs are often used strategically to advance transitions toward
sustainable policies. Such transitions require changes in personal and
societal perspectives, beliefs, or behaviors and can be achieved
through transformative learning (Corazza et al., 2018).

. When designed as an innovation network, living labs align with

connectivism learning theory. They often facilitate participation in
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Relationship between selected learning theories and living lab characteristics, bold highlights the most prominent relationships.

Real-life setting

Pursuit of Innovation

User-centered

Co-creation in multi-
stakeholder

Digitalization

Sustainability

Experiential LT
(Masethe et al.,
2017; Quay,
2003)

Situated LT (
Curnow, 2022;
Eddy et al.,
2019)

Social LT (Gibson,
2004;
Rannikmae
et al., 2020)

Organizational LT
(Argote, 2012;
Dutta and
Crossan, 2005;
Hafit et al.,
2022)

Transformative
LT (Mezirow,
2018; Singer-
Brodowski,
2023)

Connectivism LT (
Hendricks,
2019)

Classical LT

Learning happens in
real-world setting
through iterative
hands-on
experiences, e.g.
prototyping water-
saving measures in a
living lab

Learning is context-
dependent occurring
in authentic, real-
world situations
such as, improving
urban ecosystem
services (place-
based)

Social interactions
happen naturally in
real contexts that are
interactive, e.g. Peer-
to-peer learning

Learning happens
within real-life
organizational
ecosystems, e.g.
learning during
stakeholder general
meetings

Transformative
experiences occur in
authentic contexts, e
g. experiments on
climate-resistant
alternative crop types

Networks integrate
real-world and virtual
environments

Encourages iterative
learning through
experimentation, thus
driving innovation
guided by feedback
loops, e.g., product
development

Problem solving may
arise in authentic
situations, thus, fostering
innovation

Group dynamics and
social interactions
encourage the
emergence of creative
ideas and innovative
solutions

Organizational culture
fosters collaboration

and generation of new
ideas (Hafit et al., 2022)

Engaging in critical
thinking helps shift/
adapt perspectives and
foster innovative thinking
(Singer-Brodowski, 2023)

Information exchange
across networks creates
environment for
innovation

Users participate
actively in designing
experiments and
reflecting on their
outcomes. E.g., users
try out a new soil
health app and
suggest refining
points

Learners actively
engage as
practitioners, not just
passive recipients, and
their needs are at the
core of activities

The needs and
contributions of
users (actors) play
important roles in
continuous,
reciprocal
interactions

Allows users
(employees/ actors) to
build on already-
existing competencies
as their advancement
is linked with that of
the organization’s

Learners drive their
own transformative
process by re-
evaluating their
beliefs, values and
assumptions.

Learners actively
navigate networks,
tailoring their
experiences to their
needs

Thrives on diverse
perspectives during
observation and
experimentation phases,
especially during living
lab activities

Involves diverse
participants
interacting in and
between multiple
contexts where new
learners move from
peripheral toward full
participation/
ownership

Diverse social actors
such as citizens,
researchers, and
industries collaborate
and contribute to
learning in LLs

Cross-departmental
and cross-sectoral
collaboration is
reflected in long-term
living lab
organizations

Dialogue with diverse
groups enriches the
reflective process with
transformative learning

Networks connects
diverse contributors

Modern tools, such
as virtual reality
simulations,
enhance
experiential
learning

Technology
facilitates access to
situated contexts, e.
g., maps for a
certain
geographical area,
hydrological
models, etc.

Digital platforms
enhance
interaction,
engagement, &
support shared
learning
experiences
Technology
facilitates learning
through data
analysis &
collaborative
platforms

Technology assists
reflective practices
as information
becomes accessible
across time or
geographical
boundaries

Many LLs make
use of digital
technologies to
facilitate co-
creation and
enhance
engagement

Reflective cycles may
promote sustainable
practices by
evaluating impacts;
help adapt solutions
for long-term viability

Promotes
sustainability through
solutions that are
tailored to
environmental and
social contexts

Shared learning may
foster sustainable
behaviors

Adaptive learning in
organizational
setting is linked with
long-term
sustainability
orientation,
scalability, &
transferability
Perspective shifts
often involve
sustainability
themes and
transition

Connective learning
can support
knowledge sharing for
global sustainable
practices

Living labs involve formal learning and skill development through presentations, trainings, and other similar activities that require familiarizing,
memorizing, and understanding information that can be explained under classic LT

digital spaces, online communities, and virtual or augmented re-

alities (Bhatta et al., 2023b), connecting individuals to diverse in-
formation and expertise.

Some living labs are guided by design-based learning (Brankaert and
den Ouden, 2017; Trei et al., 2021), action-research, citizen science
(Oliveira, 2022; Willis and Gupta, 2023), problem- or project-based
learning, and game-based learning, (Borgford-Parnell et al., 2010;
Moffett and Cassidy, 2023; Taajamaa et al., 2013). These approaches
appear to be a natural fit for living labs with their emphasis on user-
centeredness, agile, iterative approach, digitalization, and/or trans-
versal skills (Koens et al., 2024). However, these newer concepts have
their foundations in the existing learning theories. For example, game-
based learning is grounded in social-constructivism (Moffett and Cas-
sidy, 2023), project or problem-based learning is grounded in experi-
ential, and constructivism theories (Borgford-Parnell et al., 2010;
Taajamaa et al., 2013), while action research is grounded in experien-
tial, transformative and constructivism learning theories (Matsekoleng,

2021; Zunariyah et al., 2018).

4.3. Analytical living lab learning framework

A learning framework serves as a tool or guideline that helps
recognize learning and align activities and experiences within a specific

learning environment toward a clearly defined goal (Travers et al.,
2019). A learning framework does not dictate what should be learned, as
it is not a standard. Instead, it facilitates the configuration of learning
environments to enhance their innovation capacity, problem-solving,
and continuous improvement for long-term sustainable impacts.

In this section, we build on the insights from learning theories in 4.1,
using the three major questions from Section 3; “What type of knowledge
is produced?”, “How does learning occur in a specific learning theory?”,
and “Who is learning?”. This analysis led to Table 2, which categorized
the learning theories into three interacting components: learning types,
processes, and levels. These components were further themed into sub-
components and presented in Table 4. These components together led to
the development of an analytical living lab learning framework, shown
in Fig. 4. This framework allows identifying the nature of the knowledge

acquired, the processes through which learning occurs, and the entities
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Table 4
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Explicating connections between the concepts (in italics) of the learning theories and the living lab learning framework components (in bold).

Theories Learning Type (nature of knowledge) Learning Process Learning Level

A.  Behaviorism Content (acquiring factual and conceptual Learning is intentional, occurring through Individual: Primarily focused on the individual’s
knowledge): Emphasizes acquiring specific behaviors, structured conditioning and reinforcement behavior change (Muhajirah, 2020)
responses, and skills; Learning as an observable change (Stimulus-Response)
in behavior (Conradie, 2014)

Cognitivism Content: Focuses on acquiring knowledge and Deliberate mental processes are used to Individual: Focuses on the individual’s cognitive
organizing it in mental structures; information acquire knowledge (Muhajirah, 2020) processes (Jung, 2019)
processed in short- or long-term memory to produce
learned output behavior (Jung, 2019)

Constructivism  Capacity (application of knowledge and skills): Active, intentional knowledge construction Individual + Team: Individuals construct knowledge
Focuses on understanding & applying content through engagement with tasks (Harasim, through social interaction, but it can extend to team-
knowledge through experience; construction of new 2017; Jung, 2019) based problem-solving
knowledge and meaning construction building on
previous experiences

B. Experiential Capacity: Emphasizes the practical application of Learning can occur both intentionally Individual + Team: Individuals and teams learn by
knowledge from content- and learner-perspective; (structured experiences) & incidentally doing and reflecting on their experiences (Kolb et al.,
Involves learning by doing—applying knowledge in a (through reflection on unplanned 2014)
practical setting (Kolb et al., 2014; Quay, 2003) experiences) (Masethe et al., 2017)

C.  Situated Capacity + Network: Learning involves gaining Incidental and embedded learning that Team -+ organizational: Learning occurs in social
practical skills and understanding the norms and happens in authentic social contexts ( teams and broader organizational systems like
practices of a community; Skills, knowledge, and tactics ~ Curnow, 2022) communities of practice, shifting from a solely individual
are co-constructed among peers through engagement in (cognitive activity) (Tyre and Von Hippel, 1997)
social interactions and negotiations (Curnow, 202.2;

Lave and Wenger, 1991)

D. Social Network (learning from actors, relationships, and Learning occurs as a byproduct of observing  Individual 4+ Team + broader: Individuals learn
systems): Social and cultural values and practices play ~ others during interactions (Vygotsky and within teams and broader societal systems; Early work is
a key role in fostering learning within a group by sharing ~ Cole, 1978) conceptualized as individual learning influenced by
common environmental and experiential factors (Reed imitating others (Bandura, 1977); the latter highlights
et al., 2010; Vygotsky and Cole, 1978) the role of the social or cultural environment (Bruner,

1996; Rannikmae et al., 2020)

E. Organizational Content + Capacity: Focuses on acquiring knowledge = Purposeful, systemized learning within Organizational: Situated in the learning activities of
that can be applied to improve organizational practices; ~ organizations in single-Loop, double-Loop, individuals, teams, and (inter) organizational networks;
understanding knowledge acquisition, creation, and triple-loop Learning (Argyris & Schon, multilevel where different processes link the individual to
retention, and transfer in organizations (Crossan et al., ~ 1996; Pahl-Wostl, 2015) group and organization (with focus on organization)
1999; Dutta and Crossan, 2005)

F. Transformative  Capacity: Learning involves applying knowledge in a Intentional reflection and re-evaluation of Individual + broader system: Individuals undergo
way that transforms one’s perspectives and behavior; beliefs and assumptions and perspective transformation, but it can also lead to broader societal
offers a framework for understanding how individuals transformation (Gamache et al., 2020) change(Gamache et al., 2020)
can undergo profound shifts in their perspectives,
beliefs, and actions (Mezirow, 1993, 2018)

G.  Connectivism Network: Navigating and engaging with a network of Learning happens organically through Team + intra-team + broader system: Learning

information, ideas & people; self-regulated learning
through networks and databases on different e-learning
platforms (Hendricks, 2019; Masethe et al., 2017)

navigating, connecting, and engaging with a
network of information sources (Hendricks,
2019)

occurs within a networked, digital environment, often
across systems and connections with other individuals,
information, resources, and technologies
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<=
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\ ii. Team level
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A. Learning Type

Capacity Development
& knowledge adoption

C. Learning Level
iii. Intra/ Organizational/ systemic leh i

B.

iii. Network

Network building &
knowledge distribution

L4

_/

Learning
Process

"'2

(0]

Q

3

o =

Incidental @

Learning <:> o

=

=t

o

o

. 3

Intentional &
Learning

Living lab as Learning Environment

Fig. 4. Analytical learning framework for living labs as a learning environment.
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involved in learning within living labs, thereby allowing to capture
living lab outcomes beyond their immediate results.

4.3.1. Learning types

‘Learning types’ refers to understanding the different forms of
knowledge shared and created in a co-creative environment. Different
learning theories have a different take on the type of learning. For
instance, cognitive learning emphasizes internal understanding of
certain concepts, while situated learning focuses on interaction within
networks and practical know-how. Similarly, experiential learning fo-
cuses on acquiring knowledge and skills through practical application,
whereas social learning is based on forming an understanding through
social interactions. In this light, the framework categorizes learning
types into content, capacity, and network learning (see Table 4).

Content learning is the act of acquiring substantiative knowledge on a
specific concept or subject. It encompasses sharing knowledge regarding
a certain subject and creating new knowledge within the co-creation
environment. It relates to being able to retain facts (or assumptions)
and comprehend the information, leading to knowledge creation and
can be acquired by employing classic learning theories. This type of
learning takes place both actively and passively (Vreugdenhil et al.,
2010) during observation, presentations, lectures, discussions, reports,
and so on. Rukspollmuang and Chansema (2024) apply a living lab to
promote such content learning in a campus setting.

Likewise, the act of being able to apply substantive knowledge and
skills in real-life is understood as capacity learning. Living labs that aim
for capacity development, as described by Frick-Trzebitzky et al. (2022),
exhibit capacity learning. Primarily observed within experiential, situ-
ated, and transformative learning theory, this learning enables in
applying the sharing or created information, methods, or concepts in an
existing and new situation and being able to make decisions in selecting
certain approaches based on the context. Capacity learning occurs
during field experiments, serious games, co-creation workshops, and so
on, where actors practice skills in real-life or simulated scenarios (Huang
and Thomas, 2021).

Network learning includes understanding the behavior, priorities, and
values of relevant actors and information to engage meaningfully. This
knowledge enables stakeholders to communicate in ways that resonate
with each other’s perspectives and motivations, thereby enhancing the
impact of co-creation efforts (Andrade et al., 2022), and contributing to
innovative spin-offs, iteration and upscaling (Soetanto and van Geen-
huizen, 2011). Primarily arising within situated, social, and con-
nectivism learning theory, it focuses on effective collaboration,
developing trust, finding common ground, and forming alliances.
Network learning occurs in both formal and informal activities,
including workshops, COPs, co-designing activities, co-working spaces,
meetings, social gatherings, and digital platforms.

4.3.2. Learning processes

‘Learning processes’ refers to understanding ‘how learning is taking
place’ in a co-creative environment. While knowledge production can be
an outcome of a living lab, it is itself a process, not a singular event.
Different learning theories offer distinct perspectives on the learning
process, each emphasizing diverse factors. For instance, experiential
learning focuses on reflection on experiences, social learning empha-
sizes observational learning and modeling, and transformative learning
involves perspective transformation. Here, a pragmatic stance on
learning processes as intentional (i.e., formalized) or incidental (i.e., ad-
hoc) is adopted (Table 4) (Kgrngv et al., 2022; Light, 2006).

The intentional learning process can be understood as deliberate
learning facilitated by implementing diverse tools, methods, and ap-
proaches to achieve planned outcomes. Research on living labs high-
lights the significance of planned and deliberate action (Barraclough
et al., 2023; Du Preez et al., 2022; Palgan et al., 2018). Within living
labs, various methods are purposefully employed based on the context,
prerequisite, available resources, and expected results (Bhatta et al.,
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2023b). Huang and Thomas (2021) identify a few of these methods as
co-creation workshops, user committee meetings, design thinking, vir-
tual engagement community, and world café. Several other tools and
methods, such as brainstorming tools, think bootcamp, COP, serious
games, and action research, are utilized in living labs to realize intended
learning outcomes.

Incidental learning is central to adult learning (Marsick and Watkins,
2001). This process involves unintentional or unplanned learning that
occurs as a byproduct of organized activities or experiences (Marsick
and Watkins, 2001). As an experimental and iterative process, a large
part of knowledge acquisition in living labs happens unexpectedly or
incidentally (Lehmann et al.,, 2015). This depends on the cognitive
ability of actors and how they absorb information from their environ-
ment without explicitly intending to do so. Incidental learning can occur
in formal or informal social interactions and real-life experiences rather
than through deliberate instruction or a planned approach. The living
lab environment fosters interdisciplinary and multisectoral activities,
exposing participants to diverse perspectives, observation, and reflec-
tion, thereby creating opportunities for unanticipated learning mo-
ments. Accordingly, living labs have been recognized as cultivators of
‘serendipity’ (Jaskiewicz and Smit, 2024; Sauer and Copeland, 2021).

4.3.3. Learning levels

‘Learning levels’ aim to identify different levels of learning ranging
from the individual (micro) level to the societal (macro) level in a co-
creative environment. While many learning theories, including clas-
sical theories, focus on learning at the individual level, one person alone
is not able to embody the breadth and depth of knowledge necessary to
comprehend complex societal issues (Tyre and Von Hippel, 1997). While
individual learning is valuable for assessing and enhancing the impact of
co-creative projects through specialized knowledge sharing, collective
learning at group, organizational, and social levels is essential for its
practice and dissemination (Sanchez and Mitchell, 2017). Therefore,
learning in a co-creative environment needs to occur at multiple levels:
individual (for personal growth and learning), team/group (for peer-
learning, synergy, and collective intelligence to achieve intended out-
comes), inter-team/ organizational (for adaptability, goal alignment,
and knowledge dissemination at a wider organizational level), and
systemic (wider) level. These levels, while seemingly distinct, are
interrelated, where one level feeds to another, resulting in a learning
ecosystem, improved decision-making, and enhanced resilience and
flexibility.

Different learning theories focus on different levels of learning
(Table 4). Cognitive and experimental learning occurs primarily at the
individual level, whereas social learning occurs during the interactions
within and between teams (de Kraker, 2017). Likewise, transformational
learning can occur from individual to systemic (societal) level (Bostrom
et al., 2018), whereas organizational learning clearly highlights the
different levels of learning as individual, team/group, and organiza-
tional (Dutta and Crossan, 2005; Huber, 1991; Von Zedtwitz, 2002).
Individual actors learn through intuition (recognizing patterns) and
interpretation of information from various sources, while a team/group
learns through integrating individual knowledge to develop a shared
understanding in order to achieve the intended innovative goals. At the
organizational level, learning involves institutionalizing knowledge
produced by individuals and teams and embedding it within the orga-
nization’s system to systematically exploit learning (Crossan et al.,
1999). In line with Schuurman (2015), analyses of living labs can be
conducted at the macro, meso, and micro levels. The macro-level deals
with the long-term organizational structure through quadruple helix
partnerships, the meso-level is project-specific innovations, and the
micro-level encompasses the specific methods and everyday individual
activities employed in the living lab. These categorizations can be
related to the learning levels of the analytical framework. Living labs,
however, are often established as temporary structures, which affects
the long-term adoption of their outcomes and their transformative
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Box 1
Learning in a living lab environment — An example

A participatory, co-creative living lab setting aims to provide a holistic picture and develop a more realistic solutions to complex real-world
issues by involving multiple stakeholders, such as citizens, private and government organizations, and academia. For example, in the
context of sustainable land and waterscapes, a living lab might focus on goals such as mitigating regional droughts through application of
nature-based solutions. To achieve these goals, activities such as brainstorming sessions, co-creative workshops, site visits, and experimentation
of different measures are employed to assess the baseline, understand user needs, and identify effective measures. Such living lab environments
facilitate learning on, (i) combining theoretical understanding and innovative know-how, (ii) engaging meaningfully in the appreciation of
diverse perspectives and priorities, (iii) sharing disciplinary and practical knowledge in building a more comprehensive understanding of
sustainable pathways for land and water systems, amongst others. The living lab learning framework can aid in connecting learning within such
living labs to their outcomes and impacts that serve to extend their effects beyond immediate results, see Bhatta et al. (2025)

Image @ Klimap, 2022

impacts. Nevertheless, since participants in living labs come from
diverse sectors and represent various organizations, learning created in
these labs may still transcend the living lab environment, influencing
other organizations and sectors. To fully realize the transformative po-
tential of living labs at systemic level, emphasis should be placed on
designing them as long-term initiatives, supported by plans for sustained
operations such as, stable funding models, governance structures, and
strategies for continuous engagement and integration (Chroneer et al.,
2019).

4.4. Added value of the living lab learning framework

The living lab learning framework aims to support the design,
monitoring, and evaluation of learning within living lab activities,
helping to recognize the outcomes and impacts that extend beyond
immediate results (Box 1). Its three learning components, along with
their sub-components, serve as foundational building blocks, offering a
structured approach to organizing and tracking learning activities in
living lab projects in relation to the outcomes. This framework can be
applied either in full or in part during various project phases: initiation,
implementation, and evaluation, depending on the specific learning
objectives of the living lab. For example, it can improve the alignment of
the content, resources, and activities for each task with the learning
outcomes. The framework also supports the development of learning
pathways within living labs and allows for reflection on participants’
own learning processes, fostering deeper learning. The simplicity of the
framework allows to accommodate a wide range of living lab types, each
operating within distinct contexts and addressing diverse objectives.

When applied in the initiation phase, the framework helps align the
project’s learning goals with the overall project design while guiding
participants in identifying the types of knowledge required and the
processes needed to achieve these goals. As such, it aids in determining
activities that promote specific types and levels of learning. While
incidental learning cannot be designed, the environment that cultivates
such learning through experimental, situated, and social learning ap-
proaches can be planned. In the implementation phase, the framework can
improve team coordination by facilitating the tracking of real-time
learning processes, monitoring progress, and identifying learning gaps.
It may also act as a quality control tool, ensuring that any deficiencies in

learning are addressed and overall learning enhanced. Finally, in the
evaluation phase, the framework offers a systematic method for assessing
(learning) activities and outcomes, understanding impacts, and can even
provide insights for the design of future living labs. The structured
approach to evaluation, which draws on and blends multiple learning
theories, not only highlights immediate results but also recognizes the
critical role of learning in driving the long-term success of living lab
projects, for example, through enhanced stakeholders’ capacities and
establishment of new collaborative networks. Indeed, since living labs
prioritize iterative learning driven by continuous feedback loops, the
framework is designed to be applied dynamically rather than statically.

5. Concluding remarks

This paper positions living labs as an approach to deal with complex
and interconnected problems, such as sustainable land and water man-
agement, and offer insights into how these labs can enhance their out-
comes and impacts both within and beyond their co-creative
environments by focusing on learning. To this end, a novel analytical
living lab learning framework is developed to capture the often-
overlooked learning outcomes and enhance the configuration of living
labs as co-creative learning environments.

The first part of the study draws on literature to examine learning
theories relevant to the characteristics of living labs with a focus on
sustainability and cognizance of digitalization (see Bhatta et al. (2023b).
The nine learning theories identified are: behaviorism, cognitivism,
constructivism, experimental, situated, social, organizational, trans-
formative, and connective learning theories. The methods and activities
commonly employed by living labs, including workshops, design
thinking, serious games, action research, and knowledge dissemination,
are found to have their foundations in these theories. Accordingly, the
second part of the study develops an analytical living lab learning
framework using these theories to provide an epistemological basis for
living lab learning. The framework categorizes learning into: A. ‘Types’
referring to the nature of the knowledge shared and created, further
classified as content, capacity, and network; B. ‘Processes’, understood as
the method of acquiring learning, classified as intentional or incidental;
C. ‘Levels’ concerning the entities involved in learning, classified as in-
dividual, team, organizational, and systemic. By applying this frame-
work during initiation, implementation, and/or evaluation phases,
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living lab activities and methods can draw on a wider epistemological
basis and can be aligned with the often-overlooked learning outcomes.
Focus on learning in the living labs that tackle complex societal chal-
lenges not only enhances the impact of living labs as an approach but
also improves the ability to address these challenges. While the learning
framework developed in this research offers a systematic method for
capturing learning within a living lab environment and is contextualized
to living labs based on relevant literature, it can potentially be used in
other co-creation contexts.

A limitation of our study is that we don’t use an exhaustive list of
living lab activities in relation to the learning theories, which could
provide a topic for future studies. Further, we investigated learning
theories with a primary focus on living lab characteristics but no other
lab terms, such as innovation and policy labs. An in-depth examination
of learning within these types of labs might yield wider insights. How-
ever, simply using the search term “learning” in combination with
“living lab*” proved insufficient to capture the full spectrum of learning
within living labs from multiple angles, as the term “learning” is often
used more informally. For the keyword ‘innovation’, we only considered
review papers because an unfiltered search returned an overwhelming
number of 865 papers in Scopus alone. To manage this, we intentionally
restricted the analysis to review papers. Although these papers may
include summaries of empirical findings and provide an overview of
existing evidence on applied learning theories, the lack of direct
exploration of learning theories within the context of innovation
research remains a limitation. This study responds to the need for
epistemic clarity in living labs by offering a theoretically grounded
learning framework. However, as living labs are inherently trans-
disciplinary and rooted in practical, real-world contexts, applying this
framework in empirical case studies is necessary to validate and further
contextualize the framework, and to strengthen its use in enhancing the
effectiveness and impact of living labs. Although Box 1 offers a brief
insight into the practical applicability of the framework, in-depth case
studies remain essential for full implementation of the framework.
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