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Highlights

Please indicate how your work links to systems science via your contributions to systems
practice, theory, and/or methodology.

• This article conceptualizes Living Labs as adaptive intermediary structures embedded
within Regional Innovation Systems rather than merely as open innovation platforms.

• It develops a systems-based conceptual framework linking co-creation, experimen-
tation, behavioural adaptation, institutional learning, and regional transformation
through interconnected feedback processes.

What are the main findings and/or the implications of the main findings?

• Living Labs can strengthen regional resilience, social inclusion, innovation adoption,
and adaptive governance by enabling feedback-driven learning and adaptation among
regional actors.

• The proposed framework provides a conceptual foundation for future empirical
assessment of Living Lab impacts, particularly in peripheral and rural regional inno-
vation systems.

Abstract

Regional development increasingly occurs under conditions of uncertainty, complexity,
and accelerating socio-economic change, creating a need for adaptive approaches that
support learning and transformation. Although Living Labs have gained prominence as
environments for co-creation and experimentation, their broader systemic role in regional
development remains insufficiently theorized. This article addresses this gap by concep-
tualizing Living Labs as adaptive intermediary structures embedded within Regional
Innovation Systems that facilitate social transformation in peripheral regions. The study
adopts a conceptual research design based on integrative theory synthesis, combining
insights from Living Lab research, Regional Innovation Systems theory, complex adaptive
systems theory, and behavioural approaches to adaptation and institutional learning. The
resulting framework identifies four interconnected components: external transformation
pressures, Living Lab mechanisms (co-creation, experimentation, stakeholder coordination,
and knowledge exchange), feedback processes (trust-building, learning, absorptive capacity,
and institutional adaptation), and regional transformation outcomes. The analysis suggests
that Living Labs contribute to regional resilience, innovation capacity, adaptive governance,
social inclusion, and socio-economic development through feedback-driven learning and
adaptation processes. Rather than functioning solely as innovation platforms, Living Labs
are interpreted as adaptive intermediary structures that connect experimentation with
systemic transformation. The article advances Living Lab scholarship by providing a
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systems-oriented framework and formulates theoretical propositions that can guide future
empirical research on regional adaptation and transformation.

Keywords: Living Labs; Regional Innovation Systems; complex adaptive systems; social
transformation; regional resilience; adaptive governance; institutional learning; peripheral
regions; co-creation; adaptive capacity

1. Introduction
Regional development is increasingly taking place under conditions of uncertainty,

complexity, and accelerated socio-economic change. Digital transformation, sustainability
transitions, demographic decline, and the restructuring of global production systems
have altered the context in which regions pursue economic and social development [1,2].
These processes have exposed the limitations of development approaches that primarily
emphasize factor endowments, industrial specialization, or market efficiency. While such
factors remain important, growing attention has been directed towards the capacity of
regions to learn, adapt, and mobilize collective responses to emerging challenges [3,4].

This shift has contributed to the emergence of new theoretical perspectives that con-
ceptualize regions as dynamic and evolving systems rather than as static territorial units.
Within innovation studies, the concepts of innovation ecosystems and Regional Innova-
tion Systems have become particularly influential because they emphasize interactions
among firms, universities, public authorities, civil society organizations, and citizens as
key drivers of development and transformation [5,6]. Innovation is therefore increasingly
understood as a distributed and collaborative process that emerges through networks of
actors operating within specific institutional and territorial contexts. From this perspec-
tive, regional development depends not only on the availability of resources but also on
the quality of relationships, learning processes, and governance arrangements that shape
collective action.

These considerations are especially relevant for peripheral regions. Compared with
metropolitan centres, peripheral territories often face structural disadvantages associated
with weaker innovation infrastructures, lower institutional density, demographic decline,
and reduced access to knowledge networks [2,7]. At the same time, such regions are ex-
pected to respond to the same pressures associated with digitalization, climate adaptation,
and sustainability transitions. This creates a development paradox. Peripheral regions
frequently require innovation and institutional adaptation, yet they often possess fewer
resources and weaker capacities to support these processes. Consequently, there is growing
interest in governance arrangements capable of mobilizing local knowledge, strength-
ening stakeholder cooperation, and supporting experimentation within place-specific
contexts [3,8].

Among the approaches that have attracted increasing attention in this regard are
Living Labs. Originally associated with user-centred innovation and real-world experi-
mentation, Living Labs have evolved into collaborative environments that bring together
public authorities, firms, researchers, and citizens in processes of co-creation and innova-
tion development [9,10]. Recent studies have highlighted their relevance in areas such as
digital innovation, sustainability transitions, public-sector innovation, and regional de-
velopment [11,12]. By facilitating experimentation under real-life conditions, Living Labs
create opportunities to test technologies, services, and governance arrangements while
incorporating feedback from users and stakeholders throughout the innovation process.
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Despite the growing body of Living Lab research, the literature remains fragmented.
Many studies examine Living Labs as innovation methodologies, project environments,
or participatory governance instruments [13,14]. Other contributions focus on co-creation
practices, stakeholder engagement, and innovation outcomes [15,16]. While these per-
spectives have generated important insights, they tend to emphasize specific activities or
outcomes rather than the broader systemic role that Living Labs may play within regional
development processes. As a result, there remains limited theoretical understanding of how
Living Labs contribute to long-term adaptation, institutional learning, and socio-economic
transformation at the regional level.

This limitation is particularly important in peripheral regions, where Living Labs
often perform functions that extend beyond innovation support. They may facilitate
interaction among actors who would otherwise remain disconnected, strengthen trust
between stakeholders, support knowledge circulation across institutional boundaries, and
create opportunities for policy experimentation [11,17]. Their effects therefore cannot be
reduced to the production of individual innovations. Rather, Living Labs may influence
broader regional dynamics through feedback processes that shape learning, coordination,
behavioural adaptation, and governance capacity over time.

A systems perspective offers a promising avenue for addressing this gap. Complex
adaptive systems theory provides a conceptual lens for understanding how multiple ac-
tors interact, learn, and co-evolve within environments characterized by uncertainty and
non-linearity [1,18]. Within such systems, outcomes emerge from interactions among com-
ponents rather than from the actions of individual actors alone. Regional development
exhibits many of these characteristics. Economic, social, institutional, and behavioural pro-
cesses are interconnected, and changes occurring within one domain frequently generate
consequences across others. Understanding regional transformation therefore requires ana-
lytical approaches capable of capturing these interdependencies and feedback mechanisms.

The present article argues that Living Labs can be conceptualized as adaptive inter-
mediary structures embedded within Regional Innovation Systems, exhibiting the charac-
teristics of complex adaptive systems. Rather than replacing or representing the regional
innovation system as a whole, Living Labs perform adaptive functions by connecting
experimentation, stakeholder collaboration, institutional learning, and feedback processes
that contribute to broader regional transformation. Rather than viewing Living Labs solely
as innovation platforms or co-creation environments, the article positions them as inter-
mediary systems that connect external transformation pressures with regional adaptation
mechanisms. In this interpretation, co-creation, experimentation, stakeholder coordination,
and knowledge exchange function as system mechanisms that generate behavioural and
institutional effects, including trust-building, absorptive capacity, innovation adoption,
and collective learning. These processes, in turn, contribute to outcomes such as regional
resilience, social inclusion, adaptive governance, and socio-economic development.

Against this background, the article addresses the following research question: How
can Living Labs be conceptualized as adaptive intermediary structures embedded within Regional
Innovation Systems that facilitate social transformation in peripheral regions?

The central argument of this article is that Living Labs should be understood not
merely as participatory innovation environments but as adaptive intermediary structures
embedded within Regional Innovation Systems, whose systemic value lies in connect-
ing experimentation, stakeholder interaction, institutional learning, and feedback-driven
adaptation, thereby supporting long-term regional transformation in peripheral regions.
To answer the research question, the article develops a conceptual framework integrat-
ing insights from Living Lab research, Regional Innovation Systems theory, behavioural
approaches to socio-economic adaptation, and complex adaptive systems theory. The
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framework identifies the principal mechanisms through which Living Labs contribute to
regional transformation and formulates a set of theoretical propositions that may guide
future empirical investigation.

The article contributes to the literature in three ways. First, it advances Living Lab re-
search by proposing a systemic interpretation that moves beyond project-level and method-
ological perspectives. Second, it integrates behavioural, institutional, and innovation-
related mechanisms within a single analytical framework, thereby offering a more compre-
hensive explanation of Living Lab impacts. Third, it contributes to regional development
research by providing a conceptual model that explains how adaptive innovation infras-
tructures may support transformation processes in peripheral regions facing technological,
demographic, and sustainability-related challenges.

The remainder of the article is organized as follows. Section 2 reviews the theoretical
foundations of the study and discusses the relationships among Living Labs, Regional
Innovation Systems, behavioural adaptation, and complex adaptive systems. Section 3
outlines the conceptual research design and theory synthesis approach. Section 4 develops
the proposed systems perspective on Living Labs and identifies the mechanisms linking
experimentation, learning, and regional transformation. Section 5 presents the conceptual
framework and a set of theoretical propositions. Section 6 discusses theoretical and pol-
icy implications, while the final section summarizes the main conclusions and outlines
directions for future research.

2. Theoretical Foundations
Understanding the role of Living Labs in regional transformation requires an inter-

disciplinary perspective. Existing research on Living Labs has developed across several
scholarly traditions, including open innovation, Regional Innovation Systems, participatory
governance, and sustainability transitions. While these perspectives have generated valu-
able insights, they are often examined separately, resulting in a fragmented understanding
of how Living Labs contribute to broader regional development processes.

To address this limitation, the present study draws on four complementary theoretical
perspectives: Living Lab and open innovation research, Regional Innovation Systems
theory, complex adaptive systems theory, and behavioural approaches to adaptation and
institutional learning. Together, these perspectives provide the conceptual foundations
for understanding Living Labs as adaptive intermediary structures embedded within Re-
gional Innovation Systems that facilitate learning, coordination, and transformation in
peripheral regions.

2.1. From Open Innovation to Living Labs

The emergence of Living Labs reflects broader transformations in how innovation is
understood and organized. Earlier innovation models frequently portrayed innovation as a
relatively linear process progressing from scientific discovery to technological development
and market diffusion. Such perspectives assumed that knowledge was generated primar-
ily within research institutions or firms and subsequently transferred to users through
commercialization processes. Although this approach influenced innovation policy and
management practice for decades, it has been increasingly criticized for its inability to
explain the interactive and distributed nature of contemporary innovation processes [19].

More recent approaches conceptualize innovation as an open and collaborative activity
involving multiple actors operating across organizational and sectoral boundaries. The con-
cept of open innovation emphasizes that valuable knowledge is widely distributed and that
innovation frequently emerges through interactions among firms, research organizations,
public institutions, users, and communities rather than within isolated organizations [5].
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Consequently, innovation depends not only on technological capabilities but also on the
ability to mobilize diverse forms of knowledge and facilitate collaboration among heteroge-
neous stakeholders.

Living Labs emerged within this broader transition towards open and participatory
innovation. While definitions vary, Living Labs are generally understood as environments
in which innovation is developed, tested, and refined through collaboration among mul-
tiple stakeholders under real-life conditions [9]. Their distinguishing characteristic lies
in the integration of users into innovation processes as active contributors rather than
passive recipients. Through co-creation, experimentation, and iterative feedback, Living
Labs seek to align technological development with practical needs, local knowledge, and
contextual realities.

This participatory orientation distinguishes Living Labs from more traditional innova-
tion support structures. Conventional innovation systems often concentrate on technologi-
cal development and commercialization, whereas Living Labs place greater emphasis on
interaction, learning, and experimentation. Innovation is treated as a socio-technical pro-
cess shaped by relationships among actors, institutional contexts, and user experiences [15].
The significance of Living Labs therefore extends beyond the production of new technolo-
gies. They also create opportunities for collective learning, stakeholder engagement, and
institutional adaptation.

Recent scholarship increasingly positions Living Labs within broader innovation
ecosystems. Innovation ecosystems consist of interconnected actors and institutions whose
interactions facilitate knowledge creation, exchange, and application [5,6]. Within such
ecosystems, Living Labs may perform intermediary functions by connecting actors that
would otherwise remain weakly linked. [11] describe Living Labs as orchestrators within
regional innovation ecosystems because they facilitate communication, coordinate experi-
mentation activities, and support knowledge circulation across institutional boundaries.

The intermediary role of Living Labs extends beyond the functions typically asso-
ciated with conventional intermediary organizations. While intermediary organizations
generally facilitate collaboration, knowledge exchange, and connections among actors
within innovation processes, Living Labs provide collaborative environments in which
stakeholders jointly identify challenges, co-create solutions, experiment under real-world
conditions, and collectively learn through iterative feedback processes [9,15]. Recent re-
search further emphasizes that Living Labs act as orchestrators within regional innovation
ecosystems by coordinating interactions among public authorities, businesses, researchers,
civil society organizations, and citizens while facilitating knowledge circulation across
institutional boundaries [11]. Consequently, Living Labs should be understood not merely
as organizations performing intermediary functions but as adaptive intermediary structures
embedded within Regional Innovation Systems. Their distinctive contribution lies in inte-
grating stakeholder coordination, experimentation, behavioural and institutional learning,
and feedback-driven adaptation into broader regional transformation processes [12,13].
This intermediary role becomes particularly relevant in contexts characterized by insti-
tutional fragmentation or limited innovation capacity. In peripheral regions, innovation
challenges frequently stem not only from resource constraints but also from the absence
of mechanisms capable of connecting stakeholders and mobilizing collective action [7].
Under such conditions, Living Labs may contribute to innovation processes by creating
structured spaces for interaction among public authorities, businesses, research institutions,
and citizens. Their value therefore lies not solely in generating innovations but also in
strengthening the relational infrastructure through which innovation becomes possible.

The growing interest in Living Labs has also been accompanied by an expansion of
their functional scope. Initially associated with technological experimentation, Living Labs
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are increasingly employed in sustainability transitions, public-sector innovation, digital
governance, and regional development initiatives [12,13]. This evolution suggests that
Living Labs should not be viewed merely as project-based innovation instruments. Rather,
they appear to operate as adaptive socio-institutional arrangements capable of supporting
experimentation and learning across multiple domains of regional transformation.

Despite these developments, much of the literature continues to focus on specific Liv-
ing Lab activities, governance models, or project outcomes. Comparatively less attention
has been devoted to understanding how Living Labs influence broader regional devel-
opment dynamics over time. Existing research provides substantial evidence regarding
co-creation processes and stakeholder participation, yet the mechanisms through which
Living Labs contribute to adaptation, resilience, and systemic transformation remain less
clearly articulated [17].

This limitation is particularly important when considering the challenges faced by
peripheral regions. Innovation in such contexts frequently depends on the capacity to
coordinate dispersed actors, facilitate learning processes, and generate feedback between
local experimentation and regional governance. These functions suggest that Living Labs
may be understood not only as open innovation environments but also as components of
wider adaptive systems. Such an interpretation shifts attention from individual projects
towards the relationships, feedback mechanisms, and learning processes that connect
experimentation with regional transformation.

From this perspective, Living Labs represent more than instruments for producing
innovation. They constitute institutional settings through which knowledge exchange, co-
creation, and experimentation become embedded within regional development processes.
This interpretation provides the first building block for the framework developed in this
article. Living Labs are conceptualized as system mechanisms that facilitate interaction,
learning, and adaptation within broader Regional Innovation Systems.

2.2. Regional Innovation Systems in Peripheral Regions

The concept of Regional Innovation Systems (RIS) emerged from the recognition
that innovation is embedded within specific institutional and territorial contexts. Rather
than being generated by individual organizations acting independently, innovation is
understood as the outcome of interactions among firms, universities, research centres,
public authorities, intermediary organizations, and other regional actors [20,21]. The RIS
perspective therefore shifts analytical attention from individual innovators to the broader
structures and relationships that facilitate knowledge creation, exchange, and utilization.

A central assumption of RIS theory is that regional development depends on the
quality of interactions among system participants. Innovation is not merely a function
of technological capabilities or financial resources but also of institutional arrangements,
governance structures, and opportunities for collaboration [22]. Regions characterized
by dense networks, strong institutional coordination, and effective knowledge exchange
tend to demonstrate greater innovative capacity and adaptability. Conversely, regions
with fragmented networks and weak institutional linkages often experience difficulties in
generating and diffusing innovation.

The RIS literature has traditionally focused on regions characterized by relatively
strong innovation ecosystems and diversified economic structures. However, growing
attention has been directed towards peripheral and less-developed regions, where inno-
vation processes frequently unfold under markedly different conditions [2]. Such regions
often face structural challenges, including demographic decline, limited research and
development capacity, weaker institutional density, and reduced access to national and
international knowledge networks [7]. In this article, peripheral regions refer to territories
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characterized by a combination of geographical remoteness, lower population density,
weaker innovation ecosystems, limited institutional capacity, and reduced connectivity to
national and international knowledge networks. These characteristics do not imply uni-
form underdevelopment but rather indicate structural conditions that constrain innovation,
collaboration, and adaptive governance while increasing the importance of locally embed-
ded learning and stakeholder cooperation. Such conditions can constrain both innovation
performance and the ability to respond to emerging socio-economic challenges.

At the same time, peripheral regions should not be viewed solely through the lens
of deficiency. Recent studies emphasize that such territories possess distinctive assets, in-
cluding localized knowledge, strong community ties, cultural resources, and place-specific
capabilities that may support alternative pathways of development [1,8]. The challenge is
therefore not simply to replicate innovation models developed in metropolitan centres but
to identify mechanisms capable of mobilizing endogenous resources and strengthening
regional learning capacities.

This perspective has contributed to a broader shift from competitiveness-oriented
approaches towards place-based development strategies. Place-based approaches recognize
that development outcomes emerge from interactions between local assets, institutional
structures, and governance processes operating within specific territorial contexts [23].
Innovation policies are consequently expected to reflect regional diversity rather than
apply uniform solutions across different territories. Such thinking has become increasingly
influential within European regional policy, particularly in relation to smart specialization,
rural innovation, and sustainability transitions.

Nevertheless, the RIS framework encounters certain limitations when applied to pro-
cesses of regional transformation. Although it provides valuable insights into institutional
structures and knowledge networks, it often offers a relatively static representation of
regional systems. Much of the literature focuses on system components and relationships
while paying less attention to dynamic processes such as adaptation, learning, feedback,
and co-evolution [1]. As regions confront increasingly complex and interconnected chal-
lenges, there is a growing need for analytical perspectives capable of capturing how regional
systems evolve over time and respond to changing external conditions.

In this article, an adaptive Regional Innovation System (adaptive RIS) is understood as a
regional innovation system characterized by continuous learning, feedback, institutional
adaptation, and the capacity to reorganize relationships among actors in response to chang-
ing socio-economic and environmental conditions. Unlike traditional RIS perspectives,
which primarily emphasize institutional structures and knowledge flows, the adaptive RIS
perspective focuses on dynamic processes of co-evolution, experimentation, and recursive
learning that strengthen regional resilience and transformation.

This issue is particularly relevant in peripheral regions, where development trajecto-
ries are frequently shaped by uncertainty and structural change. Digital transformation,
demographic shifts, climate-related pressures, and evolving policy environments create
conditions in which adaptation becomes as important as innovation itself. Understanding
regional transformation therefore requires attention not only to the actors and institutions
that constitute Regional Innovation Systems but also to the mechanisms through which
these systems learn, adapt, and reorganize in response to new circumstances.

Within this context, Living Labs may be interpreted as intermediary structures op-
erating within Regional Innovation Systems. By facilitating stakeholder interaction, ex-
perimentation, and knowledge exchange, they can contribute to strengthening regional
learning processes and enhancing adaptive capacity. However, explaining these contri-
butions requires a theoretical perspective that moves beyond the structural emphasis of
traditional RIS approaches and considers regions as evolving systems characterized by
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feedback, emergence, and non-linear change. Such a perspective is provided by complex
adaptive systems theory, which forms the next building block of the framework developed
in this article.

2.3. Understanding Regional Transformation Through Complex Adaptive Systems

The increasing complexity of regional development challenges has stimulated grow-
ing interest in theoretical approaches capable of explaining processes of adaptation and
transformation. While Regional Innovation Systems theory provides valuable insights into
the institutional and organizational structures that support innovation, it is less explicit in
explaining how regional systems evolve under conditions of uncertainty and change. This
limitation has become increasingly apparent as regions confront interconnected pressures
associated with digital transformation, climate change, demographic restructuring, and
shifting economic landscapes.

Complex Adaptive Systems (CAS) theory offers a useful framework for understanding
such processes. Originating in the natural sciences and later adopted across the social
sciences, CAS theory conceptualizes systems as collections of interconnected agents whose
interactions generate patterns and outcomes that cannot be fully understood by examining
individual components in isolation [18]. System behaviour emerges from continuous
interactions among actors, institutions, and environmental conditions, often producing
non-linear dynamics and unexpected outcomes.

Several characteristics of complex adaptive systems are particularly relevant for re-
gional development. First, adaptive systems are composed of multiple actors whose
decisions influence one another through formal and informal interactions. Second, these
systems evolve through learning processes in which actors modify their behaviour in
response to new information and changing circumstances. Third, system outcomes emerge
through feedback mechanisms that reinforce or alter existing patterns of behaviour. Finally,
adaptive systems exhibit co-evolution, meaning that actors, institutions, and environments
change simultaneously and influence one another over time.

Regional development displays many of these characteristics. Regions consist of
diverse actors operating within interconnected economic, social, and institutional envi-
ronments. Firms respond to policy changes, public authorities adapt governance arrange-
ments, citizens alter behavioural patterns, and organizations revise strategies in response to
emerging opportunities and constraints. Development trajectories therefore emerge from
interactions among multiple actors rather than from the actions of any single organiza-
tion or institution. This perspective challenges linear interpretations of development and
highlights the importance of feedback, learning, and adaptation.

Recent contributions to regional studies increasingly acknowledge these dynamics.
Ref. [1] argues that regional development is shaped by evolutionary processes through
which regions continuously reconfigure their knowledge bases, institutional arrangements,
and economic structures. Similarly, resilience research emphasizes the capacity of regions
to absorb disturbances, reorganize resources, and adapt to changing conditions rather
than merely return to previous states of equilibrium [18]. These perspectives suggest that
regional transformation should be understood as an ongoing process of adaptation rather
than as a predetermined outcome of policy interventions or economic investments.

From a systems perspective, innovation itself can be interpreted as an emergent
property of adaptive interactions. Innovations frequently arise from experimentation,
collaboration, and knowledge exchange among actors possessing different experiences,
resources, and perspectives. Their diffusion depends on network structures, institutional
conditions, and behavioural responses that evolve over time. Consequently, innovation
systems cannot be fully understood through static descriptions of actors and institutions.
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Attention must also be directed towards the processes through which learning occurs and
new configurations emerge.

This interpretation has important implications for understanding Living Labs. Existing
research frequently describes Living Labs as environments for co-creation and experimen-
tation. However, such descriptions often focus on activities rather than system dynamics.
A complex adaptive systems perspective shifts attention towards the interactions and
feedback processes generated through Living Lab activities. Co-creation becomes a mech-
anism for knowledge exchange, experimentation generates opportunities for learning,
and stakeholder engagement contributes to the formation of new relationships and in-
stitutional arrangements. The significance of Living Labs therefore lies not only in the
innovations they produce but also in their capacity to influence the adaptive properties of
regional systems.

Viewed in this way, Living Labs may be conceptualized as adaptive spaces embedded
within broader regional systems. They connect actors who possess different forms of
knowledge, facilitate experimentation under real-world conditions, and generate feedback
that may influence future behaviour and decision-making. Their contribution to regional
transformation is therefore indirect as well as direct. Alongside tangible innovation out-
comes, Living Labs may strengthen regional learning capacities, improve coordination
among stakeholders, and support institutional adaptation.

The complex adaptive systems perspective thus provides a theoretical foundation for
understanding how Living Labs contribute to regional transformation beyond individual
projects or technological innovations. It introduces a dynamic interpretation in which
experimentation, learning, and feedback become central explanatory mechanisms. This
perspective also highlights the importance of behavioural and institutional adaptation,
which represent essential processes through which system-level change occurs. These
issues are examined in the following subsection.

2.4. Learning, Adaptation, and Institutional Change

Adaptation is a central characteristic of complex social systems. While Regional Inno-
vation Systems and complex adaptive systems perspectives provide important insights into
the structures and dynamics of regional development, they offer only partial explanations
of how change occurs at the level of individual and collective behaviour. Understanding
regional transformation requires attention not only to institutions and networks but also
to the processes through which actors learn, modify their actions, and respond to new
circumstances. Behavioural adaptation and institutional learning therefore represent critical
mechanisms connecting innovation activities with broader system-level change.

Behavioural adaptation refers to adjustments in attitudes, decision-making processes,
and patterns of action resulting from new information, experiences, or environmental
conditions. In socio-economic systems, actors rarely possess complete information and
often operate under conditions of uncertainty. Decisions are shaped by bounded rationality,
social norms, cognitive biases, and previous experiences [24,25]. As a consequence, innova-
tion adoption and organizational change depend not only on technological feasibility but
also on the willingness and capacity of individuals and organizations to alter established
routines and behaviours.

These considerations are particularly relevant in regional development contexts. The
introduction of new technologies, governance arrangements, or development strategies
frequently requires stakeholders to revise existing practices and assumptions. Resistance
to change may emerge even when innovations offer potential benefits because actors
interpret risks and opportunities differently. Consequently, regional transformation is often
influenced as much by behavioural factors as by economic or technological conditions.
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Processes that facilitate learning, trust-building, and knowledge exchange can therefore
play a crucial role in supporting adaptation.

Institutional learning represents a complementary dimension of adaptation. Institu-
tions are not static structures but evolve through processes of experimentation, reflection,
and collective problem-solving. Public authorities, intermediary organizations, firms, and
civil society actors continuously interpret experiences and adjust their practices in response
to changing conditions [26]. Through such processes, new governance arrangements may
emerge, existing policies may be revised, and organizational capacities may be strength-
ened. Institutional learning is therefore closely linked to the ability of regional systems to
respond effectively to uncertainty and complexity.

The relationship between behavioural adaptation and institutional learning is inher-
ently reciprocal. Changes in individual behaviour may stimulate organizational transfor-
mation, while institutional reforms can alter incentives, expectations, and opportunities
for action. Regional development consequently involves multiple feedback processes op-
erating across different levels of analysis. Learning occurring within organizations may
influence regional governance, while changes in governance arrangements may reshape the
behaviour of individual actors and stakeholder networks. This co-evolutionary dynamic
represents an important mechanism through which adaptive capacity emerges within
regional systems.

Recent studies increasingly recognize that innovation processes are embedded within
such learning environments. Knowledge creation is not limited to technological develop-
ment but also involves the generation of new social practices, collaborative arrangements,
and governance mechanisms [12,13]. Innovation therefore becomes closely connected to
experimentation and reflection. Actors learn from successes and failures, revise expecta-
tions, and develop new forms of cooperation. These processes are particularly important in
contexts characterized by uncertainty, where predetermined solutions are often unavailable.

Living Labs provide a setting in which behavioural adaptation and institutional learn-
ing can occur simultaneously. Their emphasis on co-creation and real-life experimentation
creates opportunities for stakeholders to engage with new ideas, test alternative solutions,
and evaluate outcomes collectively. Participation in such processes may influence per-
ceptions, increase trust among actors, and facilitate the exchange of knowledge across
organizational boundaries [11,17]. At the same time, insights generated through experi-
mentation can inform policy design, governance practices, and institutional arrangements.

The importance of Living Labs therefore extends beyond the production of innovations.
Through repeated cycles of interaction, experimentation, and feedback, they may contribute
to the development of adaptive capacities within regional systems. Learning becomes
distributed across stakeholders rather than concentrated within individual organizations.
New relationships emerge, institutional barriers may be reduced, and collective problem-
solving capacities can be strengthened. Such effects are particularly relevant in peripheral
regions, where limited institutional density and fragmented stakeholder networks often
constrain opportunities for collaboration and innovation.

From this perspective, behavioural adaptation and institutional learning function as
key feedback mechanisms connecting Living Lab activities with regional transformation
outcomes. They explain how localized experimentation can generate wider systemic effects
and why the influence of Living Labs may extend beyond specific projects or technological
innovations. This interpretation completes the theoretical foundations of the present study
and provides the basis for the conceptual synthesis developed in the following sections.

Taken together, the four theoretical perspectives discussed in this section provide
complementary rather than competing explanations of regional transformation. Living Lab
research explains collaborative innovation and experimentation; Regional Innovation Sys-
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tems theory situates these processes within regional institutional structures; complex adap-
tive systems theory accounts for feedback, emergence, and adaptation; and behavioural
and institutional learning perspectives explain how changes in stakeholder behaviour and
governance accumulate over time. Their integration provides the theoretical foundation
for conceptualizing Living Labs as adaptive intermediary structures embedded within
Regional Innovation Systems that facilitate regional social transformation.

3. Materials and Methods
The development of conceptual frameworks requires methodological transparency re-

garding the selection, integration, and interpretation of theoretical perspectives. Although
conceptual studies do not rely on empirical data collection in the same manner as quanti-
tative or qualitative research, they nevertheless require a systematic approach to theory
building and synthesis. Accordingly, this study adopts a conceptual research design that
combines insights from several complementary bodies of literature in order to develop an
integrated framework for understanding Living Labs as adaptive intermediary structures
embedded within Regional Innovation Systems. The following subsections outline the
research design, literature synthesis approach, and framework development process that
underpin the proposed model.

3.1. Research Design

This study adopts a conceptual research design aimed at developing a theoretical
framework for understanding Living Labs as adaptive intermediary structures embed-
ded within Regional Innovation Systems. Conceptual research plays an important role
in advancing scientific knowledge by integrating existing theories, identifying relation-
ships among concepts, and generating new explanatory perspectives [27]. Rather than
testing predefined hypotheses through empirical observation, conceptual studies seek to
clarify underlying mechanisms and establish theoretical foundations that may guide future
empirical investigation.

The present article addresses a theoretical gap in the Living Lab literature concerning
the relationship between innovation activities and broader processes of regional transforma-
tion. Existing studies provide valuable insights into co-creation, stakeholder participation,
innovation ecosystems, and governance arrangements [26]. However, less attention has
been devoted to explaining how Living Labs influence adaptive capacities, institutional
learning, and systemic change within regional contexts. To address this limitation, the
study develops a conceptual framework that combines insights from Living Lab research,
Regional Innovation Systems theory, complex adaptive systems theory, and behavioural
approaches to adaptation and learning.

The objective is not to propose a universal model applicable to all territorial contexts.
Rather, the framework is intended as an analytical tool that helps explain how Living Labs
may contribute to transformation processes in peripheral regions facing economic, social,
technological, and environmental challenges. In this sense, the study follows an explanatory
theory-building approach that focuses on identifying mechanisms and relationships rather
than establishing causal effects through empirical testing.

3.2. Literature Selection and Synthesis

The framework was developed through an integrative review and synthesis of schol-
arly literature drawn from four interconnected research domains: Living Labs and open
innovation, Regional Innovation Systems, complex adaptive systems, and behavioural
adaptation and institutional learning. The literature was identified through searches
of major scientific databases, including Scopus and Web of Science, supplemented by
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backward and forward citation tracking of influential publications. Search combinations in-
cluded terms such as “Living Labs”, “regional innovation systems”, “complex adaptive systems”,
“behavioural adaptation”, “institutional learning”, “regional transformation”, and “peripheral
regions”. The review focused primarily on peer-reviewed journal articles published during
the last decade while also incorporating seminal theoretical contributions that established
the conceptual foundations of the four research domains. The objective was not to achieve
exhaustive coverage but to identify conceptually relevant literature capable of supporting
the development of an integrated explanatory framework. Integrative literature reviews
are particularly suitable for conceptual research because they enable the combination of per-
spectives originating from different disciplinary traditions and facilitate the development
of new theoretical interpretations [28].

The literature selection process was guided by the objective of identifying theoretical
concepts relevant to understanding regional transformation in peripheral contexts. Par-
ticular attention was devoted to studies addressing co-creation, stakeholder interaction,
innovation ecosystems, regional resilience, adaptive governance, learning processes, and
institutional change. Priority was given to peer-reviewed journal articles, scholarly books,
and influential theoretical contributions that have shaped contemporary debates within
their respective fields. Although the review was not conducted as a formal systematic liter-
ature review, the literature selection followed transparent conceptual criteria. Publications
were identified based on their theoretical relevance, scientific influence, and contribution to
one or more of the four conceptual domains underpinning the framework. Preference was
given to recent peer-reviewed studies that advanced contemporary debates on Living Labs,
Regional Innovation Systems, complex adaptive systems, and behavioural adaptation,
while also incorporating seminal theoretical works that established the foundations of these
research streams.

Rather than conducting a systematic review intended to evaluate empirical evidence,
the study adopts a theory synthesis approach. Theory synthesis seeks to integrate concepts
and propositions from multiple theoretical traditions in order to construct a more compre-
hensive explanatory framework [29]. This approach is appropriate because the phenomena
examined in this article extend across several domains of inquiry and cannot be adequately
explained through a single theoretical perspective.

3.3. Conceptual Framework Development

The conceptual framework was developed through an iterative process of theoretical
integration. First, Living Lab research was examined to identify the principal mechanisms
associated with co-creation, experimentation, stakeholder engagement, and knowledge
exchange. Second, Regional Innovation Systems theory was used to establish the territorial
and institutional context within which these mechanisms operate. Third, complex adaptive
systems theory provided a dynamic perspective emphasizing feedback processes, adapta-
tion, and emergence. Finally, behavioural adaptation and institutional learning perspectives
were incorporated to explain how interactions within Living Labs may influence regional
transformation over time. Rather than treating these theoretical perspectives independently,
the synthesis involved a cross-analysis of their complementary explanatory roles. Living
Lab research explains collaborative innovation mechanisms; Regional Innovation Systems
theory provides the territorial and institutional context; complex adaptive systems theory
explains dynamic processes of feedback, emergence, and adaptation; and behavioural adap-
tation and institutional learning clarify how interactions generate changes in stakeholder
behaviour and governance practices. Their integration enables a more comprehensive
explanation of regional transformation than any individual perspective alone.
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This cross-analysis also highlights the incremental theoretical contribution of the
proposed framework. While Living Lab research explains collaborative innovation pro-
cesses, Regional Innovation Systems theory provides the institutional and territorial context,
complex adaptive systems theory captures the dynamic processes of feedback and adapta-
tion, and behavioural perspectives explain how learning and institutional change emerge
over time. Their integration makes it possible to conceptualize Living Labs not simply
as innovation environments but as adaptive intermediary structures that connect these
complementary processes into a coherent explanation of regional social transformation,
particularly in peripheral regions.

The synthesis of these perspectives led to the identification of three interconnected
analytical dimensions. The first dimension consists of Living Lab mechanisms, including
co-creation, experimentation, stakeholder coordination, and knowledge exchange. The
second dimension comprises feedback processes such as trust-building, learning, absorptive
capacity, and institutional adaptation. The third dimension encompasses regional outcomes,
including resilience, adaptive governance, innovation capacity, social inclusion, and socio-
economic transformation.

The resulting framework conceptualizes Living Labs as adaptive intermediary struc-
tures embedded within Regional Innovation Systems. Their influence is understood as
emerging through feedback-driven learning processes that connect local experimentation
with broader regional development dynamics. The framework serves as the foundation for
the theoretical propositions presented in the following sections.

3.4. Scope, Assumptions, and Limitations

The conceptual nature of this study creates both opportunities and limitations. The
proposed framework enables the integration of multiple theoretical perspectives that are
often examined separately within the literature. By combining insights from Living Lab
research, Regional Innovation Systems theory, complex adaptive systems theory, and
behavioural approaches to adaptation, the study seeks to provide a broader understanding
of the mechanisms linking innovation activities with regional transformation.

At the same time, the framework has not been empirically tested. The relationships
and propositions presented in the article should therefore be interpreted as theoretically
informed assumptions requiring further validation through qualitative, quantitative, or
mixed-method research. Moreover, the framework is primarily designed to explain trans-
formation processes in peripheral regions and may require adaptation when applied to
metropolitan or highly specialized innovation environments.

A further limitation arises from the interdisciplinary nature of the study. While theory
synthesis facilitates the integration of diverse perspectives, it inevitably involves selective
interpretation of complex bodies of literature. Alternative conceptualizations of innovation,
adaptation, and regional development may emphasize different mechanisms or causal
relationships. Consequently, the framework should be viewed as a contribution to ongoing
theoretical discussions rather than as a definitive representation of Living Lab dynamics.

4. Results: Developing a Systems Framework for Regional
Transformation

Building upon the theoretical foundations and conceptual synthesis presented in the
previous sections, this section develops a systems-based framework that explains how
Living Labs contribute to regional transformation through interconnected processes of
experimentation, learning, adaptation, and institutional change.
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4.1. Responding to Transformation Pressures

Regional development increasingly unfolds within environments characterized by
multiple and interconnected transformation pressures. Digitalization, climate change, de-
mographic restructuring, and shifting economic conditions create challenges that frequently
exceed the adaptive capacity of traditional governance and innovation structures [1,2]. Pe-
ripheral regions are particularly exposed to such pressures because they often possess
fewer institutional resources, weaker innovation infrastructures, and more limited access
to external knowledge networks [7].

These pressures should not be interpreted solely as external constraints. They also
create incentives for institutional innovation, organizational learning, and new forms
of stakeholder collaboration. Regional adaptation increasingly depends on the ability
of diverse actors to collectively identify problems, experiment with potential solutions,
and adjust development strategies in response to changing conditions. Consequently,
transformation becomes less a question of implementing predefined policies and more a
process of continuous learning and adaptation.

Within this context, Living Labs may be interpreted as institutional responses to grow-
ing environmental complexity. Their emphasis on experimentation, co-creation, and stake-
holder engagement creates opportunities to address emerging challenges under real-world
conditions. Rather than attempting to reduce uncertainty through centralized planning,
Living Labs provide mechanisms through which uncertainty can be explored, interpreted,
and managed collectively. This function becomes particularly relevant in peripheral re-
gions where development challenges frequently cut across sectoral, organizational, and
policy boundaries.

4.2. Activating Regional Learning Through Living Labs

A defining characteristic of Living Labs is their capacity to facilitate interaction among
actors who possess different forms of knowledge, experience, and institutional perspectives.
Through co-creation activities, experimentation processes, and collaborative problem-
solving, Living Labs create environments in which knowledge can be exchanged, combined,
and transformed into new solutions [9,11].

From a systems perspective, these activities should be interpreted as learning mech-
anisms rather than isolated innovation practices. Learning occurs when stakeholders
acquire new information, revise assumptions, and adapt their behaviour in response to
experimentation outcomes. Importantly, such learning is not limited to individual partici-
pants. Knowledge generated within Living Labs may circulate through regional networks,
influencing organizations, governance arrangements, and policy processes.

The contribution of Living Labs therefore extends beyond innovation outputs. By
facilitating repeated interactions among stakeholders, they strengthen the relational infras-
tructure necessary for collective action. Trust, shared understanding, and collaborative
capacities emerge gradually through participation in co-creation processes. These relational
resources can subsequently support future innovation activities and enhance the overall
adaptive capacity of regional systems.

This interpretation aligns with recent discussions emphasizing the importance of social
and institutional dimensions of innovation ecosystems [6,12]. Innovation is not solely the
result of technological capabilities but also depends on the quality of relationships that
connect actors within a regional system. Living Labs contribute to these relationships by
creating structured environments for interaction, experimentation, and mutual learning.

Beyond facilitating co-creation and experimentation, Living Labs may also perform
intermediary functions within Regional Innovation Systems. These functions include stake-
holder brokerage, knowledge translation, coordination of collaborative activities, and the
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orchestration of interactions among actors with different interests, capabilities, and institu-
tional backgrounds. Through these intermediary roles, Living Labs help connect otherwise
fragmented actors and support the circulation of knowledge across organizational and
sectoral boundaries.

4.3. Generating Feedback and Adaptive Capacity

The transformative potential of Living Labs emerges through feedback processes that
connect local experimentation with broader regional dynamics. Feedback mechanisms play
a central role in complex adaptive systems because they influence how actors interpret
information, adjust behaviour, and modify institutional arrangements over time [18,30].

Several feedback processes appear particularly relevant in Living Lab environments.
First, experimentation generates knowledge regarding the effectiveness of proposed solu-
tions. Second, stakeholder interaction contributes to trust-building and the development
of shared expectations. Third, repeated engagement may enhance absorptive capacity by
improving the ability of organizations and institutions to recognize, interpret, and utilize
new knowledge. Finally, learning outcomes can influence governance practices and policy
decisions, creating opportunities for institutional adaptation.

These processes are mutually reinforcing. Increased trust may facilitate knowledge
exchange, while improved knowledge exchange may strengthen collaborative relationships.
Similarly, institutional learning can create conditions that support further experimentation
and innovation. Through such interactions, Living Labs contribute to the development of
adaptive capacities that extend beyond individual projects.

The importance of adaptive capacity is particularly evident in peripheral regions,
where uncertainty and resource constraints often limit the effectiveness of conventional
policy interventions. Under such conditions, resilience depends less on stability and
more on the ability to learn, reorganize, and respond to emerging challenges. Living
Labs may support this process by creating feedback-rich environments that facilitate
continuous adaptation.

The feedback processes (see F1–F5 in Figure 1) generated through Living Lab activities
may operate at several interconnected levels. Experimentation supports learning from prac-
tical experience, stakeholder interaction encourages behavioural adaptation, and repeated
reflection on outcomes contributes to institutional learning and institutional adaptation.
Through reflexive monitoring and evaluation, knowledge generated during experimen-
tation can be continuously interpreted and incorporated into subsequent actions, thereby
reinforcing recursive cycles of learning and adaptation.

4.4. From Experimentation to Regional Transformation

The preceding discussion suggests that Living Labs influence regional development
through a sequence of interconnected processes. Transformation pressures create the need
for adaptation. Living Labs provide mechanisms for experimentation, co-creation, and
stakeholder coordination. These mechanisms generate feedback processes that support
learning, trust-building, absorptive capacity, and institutional adaptation. Over time, such
processes contribute to broader regional outcomes, including resilience, innovation capacity,
adaptive governance, social inclusion, and socio-economic transformation.

This interpretation differs from project-oriented perspectives that evaluate Living Labs
primarily through immediate innovation outputs. A systems perspective highlights the
cumulative and relational effects of Living Lab activities. Regional transformation emerges
not from individual innovations alone but from the capacity of regional actors to learn,
coordinate actions, and adapt to changing conditions.
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Figure 1. Conceptual framework illustrating the operational processes through which Living Labs
function as adaptive intermediary structures embedded within Regional Innovation Systems, en-
abling regional transformation.

Accordingly, Living Labs can be conceptualized as adaptive intermediary structures
embedded within Regional Innovation Systems that connect experimentation with trans-
formation through feedback-driven learning processes. This interpretation provides the
foundation for the conceptual framework and research propositions presented in the fol-
lowing section.

The transformative effects of Living Labs are shaped by the broader regional context,
including institutional arrangements, actor networks, available resources, and historically
developed development trajectories. As learning and adaptation accumulate, regional
systems may experience processes of path renewal or path transformation that alter exist-
ing patterns of development. These outcomes, in turn, reshape regional conditions and
influence future opportunities for experimentation, creating co-evolutionary dynamics
between actors, institutions, and territorial development processes.

4.5. Integrating the Framework Components

The preceding analysis suggests that the contribution of Living Labs to regional
transformation cannot be adequately explained through isolated innovation outcomes
or individual stakeholder activities. Rather, Living Labs operate through interconnected
processes that link regional challenges, collaborative experimentation, feedback mecha-
nisms, and adaptive responses. A systems perspective makes it possible to conceptualize
these relationships as part of a broader transformation process occurring within Regional
Innovation Systems.

The framework developed in this article identifies four interconnected analytical
components. The first component consists of external transformation pressures, including

https://doi.org/10.3390/systems14080942

https://doi.org/10.3390/systems14080942


Systems 2026, 14, 942 17 of 25

digitalization, demographic change, sustainability transitions, and territorial inequalities.
These pressures create conditions that require adaptation and stimulate the search for new
development pathways.

The second component comprises the core mechanisms associated with Living Lab
activities. These include co-creation, experimentation, stakeholder coordination, and knowl-
edge exchange. Through these mechanisms, Living Labs create structured environments
in which actors can collectively explore challenges and test potential solutions under
real-world conditions.

The third component consists of feedback processes that emerge through repeated
interaction and experimentation. Trust-building, learning, absorptive capacity, and insti-
tutional adaptation function as mechanisms through which knowledge generated within
Living Labs becomes embedded within regional systems. These processes connect localized
experimentation with broader patterns of behavioural and organizational change.

The fourth component encompasses regional transformation outcomes. These in-
clude enhanced resilience, strengthened innovation capacity, adaptive governance, social
inclusion, and broader socio-economic development. Importantly, these outcomes are not
interpreted as final states. They may generate new learning processes and alter regional con-
ditions, thereby creating feedback loops that influence future adaptation processes. Across
all components of the framework, the characteristics of peripheral regions influence the
operation and intensity of these relationships. Structural constraints such as weaker institu-
tional density, fragmented stakeholder networks, and limited access to external knowledge
may moderate the effectiveness of Living Lab mechanisms, while strong local social capital
and place-based collaboration can enhance learning, trust-building, and adaptive capacity.
Consequently, the proposed framework should be interpreted as particularly relevant for
understanding how adaptive processes unfold under peripheral regional conditions.

Taken together, these components support the interpretation of Living Labs as adaptive
intermediary structures embedded within Regional Innovation Systems. Their primary
significance lies not in the production of individual innovations but in their capacity to
facilitate learning-oriented interactions that strengthen regional adaptive capacity.

To facilitate the synthesis of the proposed framework, Table 1 summarizes the principal
components and their functions within the adaptive regional innovation system perspective
developed in this study. Importantly, the relationships among these components are not
linear but recursive, as learning, adaptation, and co-evolution generate feedback cycles that
continuously reshape both regional conditions and future experimentation processes.

Table 1. Operational mechanisms through which Living Labs enact their adaptive intermediary role
within Regional Innovation Systems.

Framework
Component Elements Function within the System

External
Transformation

Pressures

Digitalisation, sustainability transition,
demographic change, territorial inequalities

Generate adaptation challenges and trigger
regional responses

Living Lab
Mechanisms

Co-creation, experimentation, stakeholder
coordination, knowledge exchange

Facilitate collaborative problem-solving and
innovation development

Feedback
Processes

Trust-building, learning, absorptive capacity,
institutional adaptation

Transfer knowledge and support behavioural
and institutional change

Regional
Transformation

Outcomes

Resilience, innovation capacity, adaptive
governance, social inclusion, socio-

economic development

Reflect adaptive responses and system-
level transformation

Feedback
Loops

Continuous interaction between outcomes
and future experimentation

Enable system evolution and
adaptive learning

Source: Authors’ conceptualisation.
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The framework integrates external transformation pressures, Living Lab mecha-
nisms, feedback processes, and regional transformation outcomes into a coherent systems-
based structure. Together, these components explain how experimentation and stake-
holder interaction generate learning and adaptive capacities that contribute to long-term
regional transformation.

5. Conceptual Model and Research Propositions
The systems perspective developed in the previous section is synthesized into a con-

ceptual model that explains how Living Labs contribute to regional transformation through
interconnected mechanisms of experimentation, learning, adaptation, and feedback.
Based on this framework, a set of theoretical propositions is formulated to guide future
empirical research.

5.1. Conceptual Model

The framework proposed in this article conceptualizes Living Labs as adaptive inter-
mediary structures embedded within Regional Innovation Systems and operating within
broader regional transformation processes. The model integrates four interconnected
components identified through the preceding theoretical synthesis.

The first component consists of external transformation pressures. These pressures in-
clude digitalization, sustainability transitions, demographic change, territorial inequalities,
and other forms of socio-economic restructuring that require regions to adapt to changing
circumstances. Rather than acting as isolated challenges, these pressures create conditions
that stimulate experimentation and the search for alternative development pathways.

The second component comprises the core mechanisms associated with Living Lab
activities. These mechanisms include co-creation, experimentation, stakeholder coordina-
tion, and knowledge exchange. Through these activities, Living Labs provide structured
environments in which diverse actors can collectively explore challenges, develop solutions,
and test innovations under real-world conditions.

The third component consists of feedback processes that emerge through stakeholder
interaction and repeated experimentation. Trust-building, learning, absorptive capacity,
and institutional adaptation function as intermediary mechanisms connecting Living Lab
activities with broader regional effects. These processes enable knowledge generated within
local experimentation environments to become embedded within regional governance
structures, organizational practices, and stakeholder networks.

The fourth component encompasses regional transformation outcomes. These out-
comes include enhanced resilience, strengthened innovation capacity, adaptive governance,
social inclusion, and broader socio-economic development. Importantly, these outcomes are
not interpreted as final states. As adaptive systems evolve, transformation outcomes influ-
ence future behaviours, institutional arrangements, and development conditions, thereby
generating new cycles of learning and adaptation.

Figure 1 depicts the operational processes through which Living Labs function as
adaptive intermediary structures embedded within Regional Innovation Systems and
contribute to regional transformation.

Figure 1 illustrates how external transformation pressures activate Living Lab mech-
anisms that collectively enact their adaptive intermediary role. Rather than representing
isolated activities, these mechanisms facilitate stakeholder collaboration, coordinate real-
world experimentation, promote iterative learning, and support adaptive governance
through continuous feedback processes. In doing so, they generate behavioural adaptation,
institutional change, and recursive learning that collectively contribute to regional transfor-
mation. The framework therefore emphasizes that regional transformation is not a linear
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process but an iterative and adaptive dynamic shaped by continuous interactions among
actors, institutions, and environmental conditions.

5.2. Research Propositions

The conceptual model suggests that regional transformation emerges through a series
of interconnected and feedback-driven relationships linking Living Lab activities with adap-
tive regional outcomes. To make these relationships explicit and to support future empirical
validation, five theoretical propositions are derived from the framework. The propositions
specify the principal mechanisms through which co-creation, experimentation, learning,
trust-building, and institutional adaptation are expected to influence the transformative
capacity of Regional Innovation Systems. They are derived directly from the relationships
represented in the conceptual framework (Figure 1). Within this framework, trust-building
and institutional learning function as mediating feedback mechanisms through which
Living Lab activities contribute to regional transformation outcomes, whereas regional
connectivity is conceptualized as a contextual condition that influences the effectiveness of
these mechanisms and, consequently, the transformative potential of Living Labs within
Regional Innovation Systems.

Proposition 1 (P1): Living Labs enhance regional learning capacity through iterative stakeholder
interaction and collaborative experimentation.

The co-creation processes characteristic of Living Labs facilitate the exchange of knowl-
edge among diverse actors and create opportunities for collective learning. Repeated
interaction contributes to the development of shared understandings and strengthens the
capacity of regional stakeholders to identify, interpret, and respond to emerging challenges.

Proposition 2 (P2): Trust mediates the relationship between Living Lab participation and the
diffusion of innovation within regional systems.

The effectiveness of innovation processes depends not only on technological quality
but also on the willingness of stakeholders to collaborate, share knowledge, and engage in
collective action. Trust-building generated through Living Lab activities facilitates these
processes and supports the broader adoption of innovative practices and solutions.

Proposition 3 (P3): The relationship between Living Lab experimentation and regional transforma-
tion is mediated by institutional learning processes.

Experimentation generates knowledge regarding the effectiveness of alternative solu-
tions and governance arrangements. When such knowledge becomes incorporated into
organizational routines, policy processes, and institutional practices, Living Lab activities
may contribute to wider regional transformation.

Proposition 4 (P4): Living Labs strengthen regional resilience by facilitating feedback-driven
adaptation among regional stakeholders and institutions.

Resilience emerges from the capacity of regions to learn, reorganize resources, and re-
spond to changing conditions. Through continuous feedback and stakeholder engagement,
Living Labs contribute to the development of adaptive capacities that support long-term
regional resilience.

Proposition 5 (P5): The transformative potential of Living Labs depends on the quality of connec-
tivity within Regional Innovation Systems.
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The effectiveness of Living Labs is influenced by the density and quality of relation-
ships among participating actors. Regions characterized by stronger stakeholder connectiv-
ity and more effective knowledge exchange are likely to experience greater transformative
effects from Living Lab activities than regions with fragmented institutional structures.

Table 2 provides a concise overview of the theoretical propositions and the principal
system relationships identified within the proposed framework. The table highlights
the expected pathways through which Living Lab mechanisms and feedback processes
contribute to regional transformation outcomes.

Table 2. Research propositions and expected system relationships.

Proposition Core Relationship Expected Regional Effect

P1 Living Lab participation →
collective learning Enhanced regional learning capacity

P2 Trust-building →
innovation diffusion

Greater stakeholder cooperation and
innovation adoption

P3 Experimentation →
institutional learning

Improved governance adaptation
and policy innovation

P4 Feedback-driven adaptation →
resilience

Stronger capacity to respond to
external shocks

P5 Network connectivity →
transformative impact

More effective regional
transformation outcomes

Source: Authors’ elaboration based on theoretical synthesis. Arrows mean direction of relationship, e.g., Living
Lab participation leads to collective learning.

Collectively, the propositions highlight the feedback-driven and adaptive nature
of Living Labs within Regional Innovation Systems, emphasizing their potential role
in facilitating resilience, learning, and long-term socio-economic transformation. Fu-
ture empirical studies may further investigate the strength and context-dependency of
these relationships.

6. Discussion
The framework developed in this article advances the understanding of Living Labs

by positioning them within a broader systems perspective on regional transformation.
Rather than conceptualizing Living Labs primarily as innovation platforms, co-creation
environments, or participatory governance instruments, the proposed framework interprets
them as adaptive intermediary structures embedded within Regional Innovation Systems
that facilitate learning, feedback, and institutional adaptation. This perspective contributes
to several strands of literature and offers new insights into the role of Living Labs in
peripheral regional development.

6.1. Theoretical Contributions

The first contribution concerns the Living Lab literature itself. Existing research
has generated substantial knowledge regarding user involvement, co-creation processes,
governance arrangements, and innovation outcomes [9,11,15]. However, much of this
work remains focused on project-level activities and innovation processes. The framework
proposed in this article extends these perspectives by emphasizing the systemic functions
of Living Labs within regional development contexts. In this interpretation, Living Labs
are not only sites of experimentation but also intermediary structures through which
learning, trust-building, and institutional adaptation become embedded within broader
regional systems.
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A second contribution relates to Regional Innovation Systems theory. Traditional
RIS approaches have demonstrated the importance of institutions, networks, and knowl-
edge exchange in shaping regional development trajectories [21,22]. Nevertheless, these
approaches have often been criticized for providing relatively static representations of re-
gional structures. The framework developed here introduces a more dynamic interpretation
by highlighting the role of feedback mechanisms, behavioural adaptation, and continuous
learning. This perspective complements existing RIS research by drawing attention to the
processes through which regional systems evolve and respond to changing conditions.

The third contribution concerns the application of systems thinking to regional trans-
formation. Drawing on complex adaptive systems theory, the article conceptualizes regional
development as an emergent process shaped by interactions among actors, institutions,
and environmental pressures [1,18]. Within this context, Living Labs function as adaptive
spaces that connect experimentation with system-level change. The framework therefore
contributes to ongoing discussions regarding how innovation infrastructures influence
resilience, adaptation, and transformation within complex socio-economic systems.

Taken together, these contributions support a shift from outcome-oriented interpreta-
tions of Living Labs towards a process-oriented understanding of regional transformation.
Innovation outcomes remain important, but they are understood as part of broader adaptive
processes through which regions learn, reorganize resources, and develop new capacities
for responding to uncertainty and change.

The novelty of the proposed framework lies in its integration of four theoretical tradi-
tions that have largely evolved in parallel within the existing literature. Previous studies
have typically examined Living Labs from the perspectives of open innovation, governance,
or innovation ecosystems, while Regional Innovation Systems, complex adaptive systems,
and behavioural adaptation have rarely been combined within a single explanatory model.
By synthesizing these perspectives, the framework provides an incremental theoretical
contribution that explains not only how Living Labs support innovation but also how they
facilitate adaptive regional transformation through interconnected processes of experimen-
tation, feedback, learning, and institutional change. Unlike previous conceptualizations,
which typically examine these processes separately, the proposed framework explains how
they interact through the intermediary role of Living Labs, thereby providing an integrated
systems-based explanation of regional transformation.

6.2. Understanding Living Labs as Adaptive Intermediary Structures Embedded Within Regional
Innovation Systems

The framework developed in this article suggests that the significance of Living Labs
lies less in their capacity to generate individual innovations and more in their ability
to strengthen adaptive processes within regional systems. This distinction is important
because regional transformation rarely occurs as the direct consequence of a single techno-
logical solution, policy intervention, or innovation project. Instead, transformation emerges
through cumulative processes of learning, experimentation, and institutional adjustment
that unfold over time.

From this perspective, Living Labs can be understood as intermediary structures
that facilitate interactions among actors operating within different institutional and or-
ganizational environments. Their contribution is not limited to connecting knowledge
producers with users. Equally important is their ability to create conditions under which
diverse stakeholders can collectively interpret challenges, negotiate priorities, and explore
alternative development pathways. Such processes are particularly relevant in situations
characterized by uncertainty, where solutions cannot be fully specified in advance.

The proposed framework also highlights the importance of feedback processes in
understanding Living Lab impacts. Existing evaluations frequently focus on measurable
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outputs, such as prototypes, services, or collaborative projects. While these outcomes
remain important, they may capture only part of the influence that Living Labs exert within
regional systems. Trust-building, learning, and institutional adaptation often develop
gradually and may produce effects that become visible only over longer time horizons.
Consequently, the success of Living Labs should not be assessed solely through immediate
innovation outputs but also through their contribution to the adaptive capacity of regional
stakeholders and institutions.

This interpretation aligns with broader discussions concerning resilience and adaptive
governance. Regions increasingly face challenges that are dynamic, interconnected, and
difficult to predict. Under such conditions, the capacity to continuously learn and adapt
may be more valuable than the ability to optimize existing structures. Living Labs may
contribute to this capacity by creating environments in which experimentation is possible
and where failures can generate knowledge rather than merely represent unsuccessful
outcomes. Their role therefore extends beyond innovation support and encompasses
broader processes of institutional and societal adaptation.

6.3. Implications for Peripheral Regions

The systems perspective developed in this article is particularly relevant for peripheral
regions, where development challenges frequently extend beyond economic performance
and innovation capacity. Many such regions experience demographic decline, labour
market constraints, institutional fragmentation, and limited access to external knowledge
networks [2,7]. These conditions often reduce the effectiveness of conventional develop-
ment strategies based primarily on investment attraction or technological modernization.

The framework therefore assumes that peripherality shapes the conditions under
which Living Lab mechanisms operate rather than determining their outcomes. In
other words, the same processes of co-creation, experimentation, and institutional learn-
ing may produce different regional effects depending on the degree of institutional
capacity, stakeholder connectivity, and access to external knowledge characteristic of
peripheral regions.

The framework suggests that regional transformation in peripheral contexts depends
not only on the availability of resources but also on the capacity to mobilize local knowledge,
strengthen stakeholder connectivity, and support collective learning processes. In this
regard, Living Labs may provide institutional environments through which dispersed
actors can develop shared understandings of regional challenges and experiment with
context-specific solutions. Their value therefore lies in facilitating processes that are often
difficult to achieve through traditional governance arrangements.

At the same time, the framework cautions against assuming that Living Labs auto-
matically generate positive outcomes. Their effectiveness is likely to depend on existing
institutional conditions, stakeholder engagement, governance quality, and the capacity to
translate local experimentation into broader regional learning. In regions characterized by
weak institutional trust or limited organizational connectivity, Living Lab activities may en-
counter substantial barriers. This observation reinforces the importance of viewing Living
Labs as components of wider regional systems rather than as isolated policy instruments.

The framework also has implications for contemporary policy debates concerning
smart specialization, place-based development, and sustainability transitions. These ap-
proaches increasingly emphasize experimentation, stakeholder participation, and locally
grounded innovation processes. By conceptualizing Living Labs as adaptive intermediary
structures embedded within Regional Innovation Systems, the article provides a theoretical
explanation for why such approaches may contribute to regional transformation and under
what conditions their impacts are likely to emerge.
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6.4. Directions for Future Research

As a conceptual contribution, the framework proposed in this article requires further
empirical examination. Future studies may test the propositions developed in Section 5
through comparative case studies, longitudinal analyses, survey-based approaches, or
mixed-method research designs. Such investigations would help clarify the relationships
among Living Lab mechanisms, feedback processes, and regional transformation outcomes.

Particular attention should be devoted to understanding the temporal dimensions of
adaptation. Many of the mechanisms identified in this framework, including trust-building,
institutional learning, and absorptive capacity development, emerge gradually and may
not be observable within short project cycles. Longitudinal research could therefore pro-
vide valuable insights into how Living Labs influence regional development trajectories
over time.

Future research may also explore variations across territorial contexts. Although the
framework was developed primarily with peripheral regions in mind, the proposed mech-
anisms may operate differently in metropolitan regions, specialized innovation clusters,
or regions characterized by different governance traditions. Comparative studies could
therefore help identify context-specific factors that influence the effectiveness of Living
Labs as adaptive intermediary structures embedded within Regional Innovation Systems.

Finally, further theoretical work may extend the framework by incorporating addi-
tional perspectives from social innovation, sustainability transitions, network governance,
and evolutionary economic geography. Such developments could contribute to a more com-
prehensive understanding of the mechanisms through which innovation infrastructures
support regional adaptation and transformation under conditions of increasing complexity
and uncertainty.

7. Conclusions
This article set out to address the question of how Living Labs can be conceptual-

ized as adaptive intermediary structures embedded within Regional Innovation Systems
that facilitate social transformation in peripheral regions. Drawing upon Living Lab
research, Regional Innovation Systems theory, complex adaptive systems theory, and
perspectives on behavioural adaptation and institutional learning, the study developed
a conceptual framework that explains how Living Labs contribute to regional transfor-
mation through interconnected processes of experimentation, learning, feedback, and
institutional adaptation.

The proposed framework advances existing understandings of Living Labs in several
respects. Rather than treating Living Labs primarily as innovation platforms or participa-
tory governance arrangements, the framework positions them as adaptive intermediary
structures embedded within broader regional systems. In this interpretation, the contri-
bution of Living Labs extends beyond the generation of innovation outputs and includes
the strengthening of regional learning capacities, stakeholder coordination, trust-building
processes, and adaptive governance mechanisms.

The framework also contributes to regional development research by highlighting the
importance of feedback processes in shaping transformation outcomes. Regional resilience,
innovation capacity, social inclusion, and socio-economic development are conceptualized
not as isolated outcomes but as emergent properties of adaptive systems characterized
by continuous interaction among actors, institutions, and environmental conditions. This
perspective shifts attention from linear models of innovation towards a more dynamic
understanding of regional change.

The article further contributes to systems-oriented research by integrating multiple
theoretical perspectives within a coherent explanatory model. By connecting transforma-
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tion pressures, Living Lab mechanisms, feedback processes, and regional outcomes, the
framework provides a foundation for analysing how innovation infrastructures support
adaptation under conditions of uncertainty and complexity.

As a conceptual study, the framework remains subject to empirical validation. Future
research should examine the proposed relationships across different territorial contexts
and explore the mechanisms through which learning, trust, and institutional adaptation
influence regional development trajectories over time. Comparative and longitudinal
studies may be particularly valuable in assessing how Living Labs contribute to adaptive
capacity in regions facing diverse socio-economic and environmental challenges.

In an era characterized by accelerating technological, social, and environmental change,
regional development increasingly depends on the ability to learn, adapt, and coordinate
collective responses to uncertainty. The framework proposed in this article suggests that
Living Labs may play an important role in these processes by acting as adaptive intermedi-
ary structures embedded within Regional Innovation Systems that connect experimentation
with transformation through continuous cycles of learning and feedback.
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