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This article explores the integration of Responsible Research and Innovation (RRI) principles within living labs,
particularly focusing on engineering and innovation practices. It reviews the evolution of living labs over the last
20 years, their roles in fostering co-responsibility among stakeholders, collaborative knowledge production and
directing innovations toward socially desirable ends. It proposes the concept of Responsible Research and
Innovation Labs (RRI Labs) tailored for engineering practices.

1. Introduction: embedding co-responsibility in the innovation
process

In today’s knowledge societies, innovation processes are increasingly
opening up, with the roles of stakeholders and citizens gaining promi-
nence. A wide array of concepts has been developed to justify and guide
these developments. Participatory Technology Assessment (Hennen,
2012; Grunwald, 2018), the Democratisation of Innovation (von Hippel,
2005), User-Centred Innovation (Marchi et al., 2011), and Participatory
Design (Hyysalo & Johnson, 2024) are examples of attempts to grasp
this phenomenon. Within these approaches, stakeholders and citizens
are seen as playing productive roles—improving functionality,
enhancing usability, and fostering acceptance.

Questions of responsibility and accountability are integral to these
participatory processes. The concept of Responsible Research and
Innovation (RRI) has therefore embedded the idea of co-responsibility as
a constitutive element (von Schomberg, 2013). RRI emphasises mutual
responsiveness and coordination among actors in innovation processes,
aiming to mitigate power asymmetries and provide innovation with a
socially desirable direction. However, this raises a practical challenge:
how can such coordination be realized in specific contexts?

Addressing this question involves examining the social construction
of accountability, which encompasses not only individual responsibility
but also collective agreement and institutionalization. These dynamics
also become visible in experimental settings.

Living labs offer a promising framework for such experimentation.
They are designed to bring together diverse stakeholders to coordinate

research efforts and engage in collective problem-solving. In parallel,
various science-informed guiding principles have emerged to steer these
coordination efforts. Overarching principles such as sustainability and
resilience, as well as specific principles for fostering responsible research
and innovation (Owen et al., 2021. Von Schomberg, 2013, 2019; von
Schomberg et al., 2023), serve as normative anchors for these processes.

While a balanced relationship among stakeholders is widely
acknowledged as crucial (Carayannis & Campbell, 2009; Compagnucci
et al., 2021), there remains a notable lack of systematic approaches for
implementing such guiding principles in real-world experimental con-
texts. This gap is particularly acute in the preliminary stages of science,
technology, and innovation development. Experimentation platforms
can serve as important sites where responsibilities are negotiated and
institutionally embedded from the outset.

Two broad cultural-institutional models of experimentation can be
distinguished. The first is a technocratic model, in which experts set
objectives and design solutions that are implemented in a top-down,
technology-push manner. This model reflects a "predict and control"
mindset, focused on efficiency and precision in achieving pre-defined
goals. However, as Borras and Edler (2014) argue, this approach limits
adaptability and overlooks the complex, interdependent nature of so-
cietal challenges.

To address these limitations, a second, more pragmatic model has
been proposed. It promotes iterative, participatory processes in which a
range of actors—policymakers, industry, business, and civil soci-
ety—collaboratively shape and define solutions. Yet, the key question
remains: how can such a model be structured and implemented in a co-
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responsible way?

This paper argues that innovation and transformative change can
only be effectively advanced through structured formats for stakeholder
engagement and knowledge acquisition that are geared toward socially
desirable objectives. For that purpose, this contribution proposes the
concept of a Responsible Research and Innovation-Lab (RRI-Lab). Based
on a critical review of the conceptual evolution of the main forms of
living labs of the last 20 years, e.g. Urban Living Labs, Social Living Labs,
and Living Labs supporting societal challenge-based mission-oriented
research and innovation, the paper established essential living lab fea-
tures and evaluated the extent they contributed to responsible research
and innovation. Furthermore, the paper identifies several conceptual
shortcomings for enabling living labs to address specifically engineering
practices. These concern the employment of foresight, responsible
design of technology and an open ecosystem innovation approach.
Finally, the paper integrates all relevant current and proposed new
features of living labs into a proposal for a Responsible Research and
Innovation-Lab (RRI-Lab) which is dedicated to engineering practices
and elaborates how specific features of living labs enable reflexivity in
the knowledge acquisition and innovation process. As such, it identifies
specific features of living labs that can ensure alignment of the knowl-
edge acquisition and innovation process with societal values.

The structure of the paper is as follows:

In Section 2, we discuss the current discourse on RRI, particularly to
what extent the alignment of research and innovation with societal
values is conceptualised and achieved.

Section 3 elaborates on the core elements of living labs as platforms
for collaborative and distributed knowledge production.

Section 4 traces the development and learning trajectories of various
living lab models, assessing their contributions to RRI.

In section 5, the case is made for the establishment of dedicated
living labs tailored to engineering practices. RRI processes must be
context-specific, yet the RRI literature has concentrated on research and
technology development in a generalised, abstract manner, thereby
overlooking the operational realities of innovation in engineering
practice.

By focusing on this gap, this paper aims to contribute to the further
development of RRI, particularly in its application to real-world inno-
vation and engineering contexts.

2. Fostering transformative change with responsible research
and innovation

Responsible Research and Innovation (RRI) has gained increasing
importance since its introduction as a cross-cutting issue under the Eu-
ropean Union’s Framework Programme for Research and Innovation,
Horizon 2020 (2014-2020) (European Commission, n.d.). It later
became an operational objective of the Strategic Plan for Horizon
Europe (2021-2024), the EU's current research and innovation frame-
work (European Commission, 2021). Several EU Member States have
also launched national initiatives to support RRI, often through their
research councils—for example, in the United Kingdom, Norway, and
the Netherlands. The concept has further resonated beyond the EU,
finding uptake in countries such as the United States, South Africa,
Australia, and China, where it was incorporated into the national
Five-Year Plan for science, technology, and innovation (2016-2021).

RRI emerged in response to the limitations of earlier "Science and
Society" research funding programmes in many of these regions. Ac-
cording to Owen et al. (2021) and von Schomberg (2019), these short-
comings can be identified along four main lines:

1. RRI extends beyond the traditional scope of ethical, legal, and social
aspects (ELSA) studies by actively shaping science and innovation
toward addressing grand societal challenges. It is grounded in shared
European values and global commitments such as the Sustainable
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Development Goals (SDGs). Institutionalizing RRI would therefore
render research and innovation policy more value-driven.

2. It introduces a shift from ex-post ethical evaluations of emerging
technologies to an ethics of co-responsibility, engaging stakeholders
early and reflexively in the innovation process.

3. RRI moves beyond evaluating individual technologies, instead
focusing on entire innovation processes. It calls for inclusive partic-
ipation from all stakeholders, aiming to make innovation more
manageable and socially directional.

4. RRI also seeks to address market failures in delivering socially
desirable innovation outcomes. This includes elements of anticipa-
tory governance (Guston, 2014).

Despite offering diverse perspectives, scholars agree that RRI ne-
cessitates a governance model capable of steering innovation toward
socially beneficial outcomes. Von Schomberg’s (2013, p. 63) early and
widely cited definition captures this orientation:

“Responsible Research and Innovation is a transparent, interactive
process by which societal actors and innovators become mutually
responsive to each other with a view to the (ethical) acceptability, sus-
tainability and societal desirability of the innovation process and its
marketable products (in order to allow a proper embedding of scientific
and technological advances in our society).”

This definition was never meant to be definitive, but rather a starting
point for a growing field of research and innovation practices. It high-
lights the limitations of conventional public policy, which typically
governs science and technology through negative selection—mainly risk
management—and assumes all innovation inherently contributes to
societal prosperity. RRI breaks with this assumption by asserting that
innovation can be directional. It places the power for socially desirable
change in the hands of engaged stakeholders and citizens. However, this
shift requires these actors to be incentivized—or even obligated—to
become mutually responsive in terms of social commitments.

The European Green Deal (European Commission, 2019) is one such
example of a collective social commitment that enables directional
innovation. It embodies the institutionalization of co-responsibility,
moving beyond traditional ethics frameworks that primarily focus on
technological constraints (i.e., what we should not do). Instead, RRI
encourages a constructive ethical approach, asking: what direction
ought innovation to take?

Despite its promise, implementing RRI in practice has encountered
significant barriers. Research, technology, and development (RTD) or-
ganizations and innovation actors often need to undergo substantial
organizational change to align with RRI principles (Forsberg & Wittrock,
2023). Moreover, there is no single formula for implementing RRI, as it
must be adapted to a wide range of technologies and innovation con-
texts—from healthcare and energy transition to agriculture and
manufacturing. As a result, RRI implementation requires continuous
organizational learning.

A responsible innovation practice must also aim to achieve desirable
and acceptable impacts. Since these outcomes are often unpredictable,
RRI must embrace collective experimentation (Nordmann, 2019). This
approach is reflected in the evolving concept of Open and Responsible
Research and Innovation (ORRI), which promotes an open, adaptive,
and integrated model of research and innovation governance. By
strengthening the role of relevant stakeholders in inclusive processes,
ORRI allows scientific, technical, and societal innovators to better
anticipate and respond to societal expectations.

In this framework, both the product (the outcome of innovation) and
the process (the governance of innovation) are tightly interrelated.
Effective RRI requires a coordinated and collaborative approach to both
dimensions.

To support this integration, it is crucial to establish lasting ORRI
capacities across all knowledge actors within the quadruple helix
(academia, industry, government, and civil society) through tailored
guidance for specific mission-oriented research fields—particularly in
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the engineering sciences. Fields such as additive manufacturing and
digital innovation present unique challenges and opportunities for
embedding RRI principles. They require dedicated support mechanisms
to translate the general ethos of ORRI into field-specific practices.

3. Distributed and collaborative knowledge acquisition: an issue
for the governance of living labs

The establishment of living labs represents one of the most ambitious
attempts to expand experimental practices into real-world contexts.
These approaches cover a remarkably wide range of applications and
have become ubiquitous in contemporary societies (e.g., Augenstein
et al., 2022; Hossain et al., 2019; Schapke et al., 2018; Schneidewind
et al., 2018; Wanner et al., 2024). In the context of transformative
innovation aimed at addressing societal challenges, living lab-
s—especially real-world laboratories—play a critical role. Trans-
formative innovations often unfold through experimental processes
(Gosh et al., 2021) suggesting that living labs can provide a viable
framework. Within these environments (e.g., Engels et al., 2019;
Wanner et al., 2018), representatives from diverse stakeholder group-
s—often modelled as a "quadruple helix" (Compagnucci et al., 2021)—
experimentally deploy innovations under real-life conditions and
aligned with social goals. Living labs constitute a robust research and
innovation infrastructure capable of addressing a broad spectrum of
challenges—from testing individual products and services (Schuurman
& Protic, 2018), to designing socio-technical environments (e.g.,
ambient-assisted living; Pallot et al., 2010), and even reconfiguring
large-scale infrastructures like energy networks (Engels et al., 2019).
They also serve as critical instruments for sustainability transformation
initiatives (e.g., QuartierZukunft, 2020). In human-computer interac-
tion research and development, living labs frequently tackle the digi-
talization of everyday life, human-robot interaction, and the creation of
'smart' everyday spaces such as homes and neighbourhoods (Alavi et al.,
2020).

Universities have increasingly institutionalized such labs concerned
with stakeholder collaboration and real-world experimentation in a
specific field such as energy transition, autonomous driving or health
and well-being. Backhaus et al. (2022) distinguish three types of
university-based living labs: (1) maturing technological innovations
through small-scale experimentation, (2) embedding innovations at
scale with large-scale experimentation, and (3) driving sustainable
transformation via stakeholder co-creation aimed at societal challenges.
The typology highlights that university-based living labs differ not only
in purpose but also in complexity, as broader stakeholder involvement
intensifies contextual interactions, shapes patterns of inclusion and
exclusion across local and translocal settings, and often relegates civic
actors to consultative rather than decision-making roles (Backhaus and
John, 2025).

These real-world laboratories operate within complex socio-
epistemic contexts and are inherently transdisciplinary (Bergmann
etal., 2021; Schapke et al., 2018). The plurality of epistemic approaches
inevitably leads to socio-epistemic conflicts. These conflicts can only be
addressed through mechanisms that assess the quality of knowledge
production (e.g., Bergmann et al., 2021) and its suitability for the
intended purposes. This situation highlights the need for more direct
engagement with questions of how to orient and ‘steer’ research and
innovation within the experimental setting of a living lab. Furthermore,
the cultural and institutional foundations for legitimizing
socio-epistemic actions in living labs require critical reflection, partic-
ularly in relation to the social order within these labs (John, 2024).
Living labs frequently involve interventions in people's daily lives, with
potential long-term impacts on their futures. This raises important
legitimacy concerns, which must be carefully considered both within the
context of living labs and in the broader framework of responsible
research and innovation practices. A proper governance of living labs
has to take the dynamics unleashed by socio-epistemic conflicts into
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account.

An important aspect to consider is who initiates the living lab—that
is, which actor is in the “driver’s seat” of the concrete activity (Leminen,
2013). Some living labs are company-driven, enabling real-world testing
of innovations (Hyysalo et al., 2016; Von Hippel, 2005). Many others are
established by local authorities to address collective problems such as
climate change (Engels & Walz, 2018), or by universities, which may use
their campuses for experimentation in sustainable development (Sharp
& Raven, 2021).

Evidence shows that the social configuration of these labs is shaped
by the initiating actor, resulting in markedly different arrangements for
how citizens and stakeholders collaborate. Moreover, the forms of
interaction that emerge often reflect existing power asymmetries be-
tween actors and are therefore selective in practice (John, 2024).

Against this background, an open question concerns how to design
institutional processes that enable collective engagement with orienta-
tion questions and facilitate cooperation aimed at recognizing and
resolving socio-epistemic conflicts in living labs. Addressing these
design challenges should be a central priority in the development of
living labs.

4. Living labs and their relationship with responsible research
and innovation

Living Labs have provided spaces for organisational learning and
experimentation, notably since the European Network of Living Labs
(ENoLL) was founded in November 2006 under the Finnish Presidency
of the Council of The European Union. Since 2006, the number of
certified living labs has grown to over 480. ENoLL defines living labs as:
“user-centred, open innovation ecosystems based on a systematic user
co-creation approach, integrating research and innovation processes in
real-life communities and settings” (European Network of Living Labs
2026).

This current definition of living labs captures a constitutive element
of RRI, namely, to make stakeholders co-responsible and mutually
responsive to each other by engaging them in an open co-creation pro-
cess. Stakeholders, including citizens, may participate in co-enquiry
either through practicing citizen science or by collaborating with
other stakeholders. It also focusses on innovation rather than the
employment of technologies. Over the last decades, the number of
dedicated living labs has grown. Urban Living Labs, for example, are
living labs which bring Quadruple Helix actors together in specific
geographic areas to co-create knowledge and innovation process to
bring about sustainable urban living conditions (UNaLAB, 2020, p.5).
These living labs mediate social and technological solutions to inform
policy and urban planning. They, thereby, take up an important feature
of Responsible Innovation by defining shared goals and visions for urban
futures co-created with citizens. The advantage of these dedicated urban
labs is that they test solutions in real-world settings such as buildings,
streets, quarters, or entire cities (UNaLAB, 2020, p.5), thereby making
solutions visible. They also contribute to innovation governance as in
urban settings a particular mix of technological and social innovations
may converge in innovative solutions.

Hassan (2014) has elaborated on the concept of social labs which are
dedicated to complex social problems and progressively also to the
grand societal challenges, such as climate change, representing typical
issues faced in responsible research and innovation. These labs are, as all
other living labs, essentially experimental in nature and they have to be
established as ongoing and sustained efforts and not as one-off experi-
ments (Hassan, 2014, p.3). This is naturally the case if addressing issues
of sustainability is to be taken seriously as sustainable ‘solutions’ never
fixed. Impacts of preliminary envisioned solutions have to be assessed
and monitored, since the nature of technological developments and their
social and environmental consequences are hardly predictable. Hence
the features of monitoring, foresight and shared visions for the future
should be part and parcel of living labs focussing on sustainability issues
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with a medium to long-term time horizon. Neuberger et al. (2024) have
put these elements into practice in the EU-funded project DigiTeRRI (htt
ps://digiterri.eu/) by developing roadmaps with visions, actionable
objectives and implementation plans addressing the innovation
ecosystem of whole regions (e.g. Styria in Austria, Varmland in Sweden,
and the Grand Est in France) and by engaging societal actors in a
transformation of the innovation systems in these regions with tradi-
tional industries to a future, based on digital technologies. The project
practised principles of Responsible Innovation by ensuring an open,
responsive, inclusive, and anticipatory approach while co-creating the
roadmaps for the future with quadruple helix actors.

The EU-funded project NewHoRRIzon (https://newhorizons-eu.
org/index.html) adopted and adapted Zaid Hassan’s concept of Social
Labs to the policy-uptake of RRI objectives by means of quadruple helix-
based pilot actions (Griessler & Blok, 2023). The project established 19
Social Labs reflecting research and innovation policy objectives of the
previous EU framework Programme Horizon 2020 (European Commis-
sion, n.d.). The employment of Social Labs demonstrated to have a great
potential for bottom-up policy uptake but that they also showed that
“RRI needs support on the meso-level of institutions to mature single
pilot activities; to anchor them in organisational rules, norms, and
routines” (Griessler, Blok, 2023). Braun et al. (2023) explored the po-
tential of Social Labs, to support learning on Responsible Research and
Innovation (RRI) in standing governance organizations. They conclude
that: “[a] Social Lab may turn into a learning organization, be it a
temporary one. Responsibility in research and innovation is conducive
for learning in the setting of a Social Lab, and Social Labs act as inter-
mediary organizations, which not merely pass on information among
actors but also actively give substantive shape to what they convey from
a practice-informed, normative orientation.” Here the notion of the
Social Lab touches upon the most essential element of responsible
innovation, namely the possibility to shape the characteristics of tech-
nologies and provide normative direction to innovation processes.

Watanabe et al. (2023) went a step further with the inclusion of
‘design researchers’ in the employment of a social lab to facilitate the
consideration of ethical and social issues in design of digitalised tech-
nology services: “Design researchers conduct value explorations and
study design services for extended values with citizens and other
stakeholders such as companies and municipalities. These design prac-
tices are conducted in parallel with research and development. The
design researcher communicates with or even involves researchers in
sharing ideas about the values that need to be fulfilled, and the services
expected. The technology is subsequently developed and integrated into
the designed service.” Watanabe et al. (2023) practised the inclusion of
citizens in living labs to arrive at a value-driven design of digital ser-
vices. The design researcher has the significant role of mediating the
values of citizens and researchers while enabling also mutual learning to
anticipate socially acceptable practices. The Social Lab with the inclu-
sion of design researchers can be considered to make research and
innovation value driven. This particular Social Lab of Watanabe et al.
(2023) practised a ‘Responsibility by Design’ approach. It is important to
note here that RRI principles are implemented in the research and
innovation process and sustained in their outcomes (products).

Stahl et al. (2021). also recommended the employment of ‘re-
sponsibility by design’ based on their experiences of integrating RRI in
the Human Brain Project by addressing a European Research Infra-
structure as the major outcome of the Human Brain Project. Obviously,
this infrastructure will exist for the medium to long-term. Stahl et al.
(2021) argue that: “For RRI to become truly successful, it must be part of
the research and innovation product and process and not seen as simply
an external requirement/complement.”

The above review of the evolution of living labs and their dedication
to a particular subject matter (e.g., urban labs, social labs, and respon-
sible living labs) reveals that living labs have progressively taking up
principles of Responsible Research and Innovation in their practice.

Another approach for directing research and innovation to socially
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desirable outcomes is the implementation of mission-oriented research
(Mazzucato, 2020). In such missions, stakeholders and citizens collab-
orate on open research and innovation agendas with a social commit-
ment to a socially desirable outcome. The elements of co-creation and
co-design which are often part of recently established living labs are
now introduced right into the heart of research and innovation trajec-
tories. The new EU framework programme has introduced
mission-oriented research (with targets that are essentially social, not
only scientific-technological) as a means for fostering innovation by
co-design and co-creation towards democratically decided main objec-
tives (e.g., as a result of deliberation among stakeholders, the member
states of the EU and the European Parliament). The missions will also all
have to feature an essential input from citizens, including citizen science
practices. The missions on ‘Healthy Soil’ and ‘Smart Cities’ employ
dedicated living labs to advance these missions.

However, Wiarda et al. (2024) rightly note that “these missions
require a ‘responsible mission governance’ which should integrate
various complementary governance responsibilities relating both to
epistemic issues and normative issues to potentially improve the effec-
tiveness and desirability of missions. They point to the complexity of the
societal challenges which are the subject matter of the missions and their
inherent scientific uncertainties and conflicting epistemic approaches
which make them ‘wicked.” Von Schomberg (1992) argued that social
cooperation among stakeholders both on normative issues and on the
epistemic issues accompanying mission-oriented research promotes
consensus-building on problem definitions and the problem-solving
capacities we intend to employ. On one hand, this can neutralize sci-
entific dissent, for the duration of the missions, which often arises due to
discipline-specific approaches and implicit problem framings (von
Schomberg, 1992). On the other hand, it can overcome one-sided
problem definitions prevalent in public policy settings. For example,
climate change policy historically emphasized climate mitigation stra-
tegies while neglecting climate adaptation strategies (Stehr & Von
Storch, 2023). The missions flag, however, the necessity to make
transformative changes possible and should comprise compensation for
the fact that markets do not deliver on transformative changes without
governmental intervention and governance. This is an additional
important reason to have living labs feature in the context of missions.
As noted, issues of sustainability in its comprehensive form, which in-
cludes the mutually dependent relationships of social, economic, and
environmental dimensions, require foresight, monitoring, and experi-
mentation. Coffay et al. (2022) rightly state that ‘when innovation is
intentionally linked with a sustainability mission, even greater focus is
needed on exploration and experimentation’, effectively making the
case that forecasting, and assessment of sustainability gains are inter-
twined. However, their notion of ‘forecasting’ is better understood as
foresight based on various plausible scenarios for the future rather than
on pure predictions. This is more appropriate given the uncertain nature
of technological development and their social consequences. Crucially,
foresight and assessment and the implementation of RRI is dependent on
the context-specific input of knowledge and innovation actors.

There is a significant gap in the RRI literature which has focussed on
RTD trajectories rather than on the effectuation of innovation processes
in practice. It also has practically ignored the specifics of the entrepre-
neurial sciences and practices for innovation. Coffay et al. (2022) pro-
vide an original attempt on how: “Forecasting and assessment can be
framed in an RRI context while incorporating aspects of effectuation
theory via a Responsible Innovation Lab (RIL).” This lab is still under-
stood as a particular type of living lab, originally conceptualised by
William Mitchell at MIT as a “research methodology for sensing, pro-
totyping, validating and refining complex solutions in multiple and
evolving real life contexts” (Eriksson et al., 2006). Habibipour (2024)
also proposed a ‘Responsible living lab’ based on a review of literature of
both RRI and living labs and makes it fruitful for Al-driven digital
transformation processes. He defines responsible living labs as frame-
works that ensure transparency, stakeholder engagement, ethical
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considerations, and sustainability. The Responsible living lab ensures
inclusivity, ethical considerations, and sustainability throughout all
stages of the innovation process, helping researchers and practitioners
conduct Al-enabled digital transformation processes responsibly and
ethically. Parodi et al. (2022) propose ‘Reflexive Sustainable Technol-
ogy Labs’ as transformative experimental settings that combine ele-
ments of Technology Assessment (TA), Responsible Research and
Innovation (RRI), and real-world laboratories. While their contribution
offers a valuable conceptual synthesis, it engages only to a limited extent
with the practical implications of anticipatory governance as they arise
in concrete research and innovation processes. In particular, the
approach treats the underlying logics of TA, RRI, and real-world labo-
ratories as largely additive and thus readily combinable within a single
lab format. By contrast, the RRI Lab concept developed here places
greater emphasis on the tensions, trade-offs, and reflexive work required
to navigate these logics in practice, rather than assuming their synthesis
leads to a straightforward increase in rationality.

4.1. Essential features of RRI-Labs

The above analysis and review of dedicated Living Labs showed that
all Living Labs as defined by ENoLL (2026) share the essential RRI
feature of making stakeholders co-responsible and mutually responsive to
each other by engaging them in an open co-creation/co-enquiry process.
Dedicated living labs have demonstrated to have the following features
which underpin RRI (Table 1 summarises the RRI features of the distinct
living labs and their contribution to institutional change of RRI):

4.2. Urban livinglabsdefine shared goals and visions for urban futures co-
created with citizens

Social Living Labs feature an open, responsive, inclusive, and antici-
patory approach. They can function as an intermediary learning orga-
nisation to provide a normative orientation and fostering organisational
change. This normative orientation can go beyond organisational
change to tackle major societal challenges.

Responsible Design can be integrated into living labs to foster value-
driven research and innovation. This relates to the innovation process

Table 1
Overview of types of Living Labs and their specific contribution to institutional
change for RRI.

Type of Living Lab Specific conceptual Corresponding
contribution to RRI institutional change for
RRI

All Living Labs Making stakeholders co-
responsible and mutually
responsive to each other
Co-creation of collective

visions for the future

Ethics of co-responsibility

Urban Living labs Making innovation
directional and value

driven

Social Living Labs

Living Labs supporting
societal challenge-
based mission-
oriented research and
innovation

Responsible Research
and Innovation Labs
for Engineering
Practices

Addressing societal
challenges, fostering
change through
organizational learning
Making research and
innovation directional to
socially desirable ends

Responsible value-
sensitive Design of
technologies

Ecosystem approach with
participative foresight
and open innovation,
enabling anticipatory
governance

Making innovation
directional and value
driven

Addressing market-
failures

Enabling Transformative
change in relation to
Sustainable Development
Goals

Aligning technologies with
public values in
engineering contexts
Render the entire
innovation ecosystem
value-driven and oriented
towards socially desirable
ends
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and is sustained in the desirable outcomes and products.

Participative Foresight can contribute to the transformative change
of whole regions by articulating shared visions, values for regional
change.

Societal challenge-based mission-oriented Research and Innovation
integrates the RRI feature of directing research and innovation towards
socially desirable ends by taking co-creation and co-design as modus
operandi of research. Living Labs currently provide capacity to partic-
ular missions under the EU Framework Programme for Research and
Innovation.

Living labs thus provide a research and innovation infrastructure
that responds to the call for institutional change by Von Schomberg et al.
(2023):

e Innovation must be value-driven.

e Implementation of an ethics of co-responsibility among stakeholders.

e Innovation should be made directional and manageable.

e Market failures need to be addressed to facilitate necessary trans-
formative changes, especially regarding the Sustainable Develop-
ment Goals.

5. Towards a conceptualization of RRI-Labs for engineering
practices

To grasp the challenges of implementing Responsible Research and
Innovation (RRI) within a living lab tailored to entrepreneurial science
and engineering, it is essential to understand how engineering differs
from traditional natural sciences. Engineering is inherently design-
oriented: scientists anticipate physical and social consequences long
before products appear, exemplified by notions like “safety by design” in
the nanosciences or “privacy by design” in computer science. This
mindset internalizes responsibility within the scientific process: once
you create or design, you are accountable for the outcomes. The long-
standing practice of diverting responsibility to politics or indus-
try—once endorsed by academies of science—is untenable for the
modern engineer. Whereas pure science has traditionally been remote
from issues of responsibility for the societal outcomes of the sciences,
engineering has to embrace the ethos of responsible creation and design.

Engineering naturally aligns with RRI's value-driven agenda,
embedding societal values directly into technological design. Yet, a
tension persists: engineering often resists open-innovation models (and
focus on patenting possibilities instead) that emphasize shared knowl-
edge and collective development. Schiuma and Santarsiero (2024)
propose open innovation labs that function as organizational catalysts
across an organization and its ecosystem and includes business-model
innovation. Yochai Benkler (2017) highlights the tension between pro-
prietary approaches and open innovation models. He observes a shift
from lone inventors (e.g., Steve Jobs, creating the first personal com-
puter in his garage) toward collaborative networks—firms, universities,
and individuals—sharing knowledge to accelerate innovation. In this
paradigm, innovation emerges from communal knowledge flows, mak-
ing traditional levers like patents potentially counterproductive
(Lemley, 2012). Benkler also notes a broader shift away from purely
market-driven innovation toward socially motivated or publicly funded
innovation networks. These networks can foster socially beneficial
innovation—aligned with RRI—by emphasizing public investment and
collective learning over firm-centric competition.

Engineering practices are well-suited to embrace responsible
design—but this requires navigating the tension between proprietary,
firm-based innovation and open, networked collaboration. The goal is to
cultivate innovation ecosystems, rather than isolated inventions. For
example, Zaratin et al. (2022) designed a holistic RRI governance
framework in brain health research, incorporating multi-actor collabo-
ration and patient engagement. Campos and Marin-Gonzalez (2023)
established twelve renewable energy living labs across Europe. Metta
et al. (2022) embedded RRI into twenty-one agricultural digitalization
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labs.

Governments increasingly support system-level innovation,
acknowledging that conventional markets often fail to deliver timely,
sustainable, and equitable transformations. Achieving this requires
governance redesign—not just enabling change but actively guiding it.
RRI-Labs can serve this role by mobilizing ecosystem actors and
fostering mutual responsiveness toward shared societal goals.

Targeted engineering domains—whether additive manufacturing,
hydraulic engineering, digital innovation, or other fields of engineer-
ing—RRI-Labs tailored for these specific engineering practices could
offer open, value-aligned platforms. They could empower all actors
within the quadruple helix to co-create research and innovation path-
ways that are socially and ethically grounded. Such labs would provide
anticipatory governance by proactively steering innovation toward so-
cially desirable outcomes.

RRI-Labs tailored to engineering practices could also play a pivotal
role in advancing the development and implementation of Artificial
Intelligence (AI). The current EU legislative framework for Al—em-
bodied in the AI Act—is widely regarded as a pioneering effort to address
the risks associated with the innovative outcomes of Al technologies
while upholding the market principle of technological neutrality.
However, this framework fails to consider the growing dependency on
Al systems whose operational mechanisms often remain opaque,
frequently protected by private intellectual property rights. Although
the Act promotes compliance with ethical standards—such as the
respect for individual autonomy—it falls short of articulating what
constitutes socially desirable outcomes. At this point, the ambition of RRI
goes beyond that of ethics. RRI introduces a socio-political dimension: it
not only seeks to respect human agency but to enhance it through public
investment in Al systems designed to serve the public good.

For instance, public investment in Al for healthcare could help steer
technological development toward socially desirable goals, rather than
leaving public health systems dependent on market-driven operators
who supply narrowly defined tools. In this context, RRI-Labs dedicated
to (public) AI development could bring together healthcare pro-
fessionals, patients, hospitals, Al developers and other stakeholders to
co-develop and implement socially beneficial, Al-mediated tech-
nologies—such as telemedicine platforms—that improve access to care
for patients living in remote regions.

Based on the above review of essential features of Living Labs in
terms of their contribution to responsible innovation, the following key
features emerge for responsible innovation labs for engineering
practices:

1. Mission-orientation: Embed co-design and co-creation to support
targeted societal goals—e.g., smart cities, sustainable develop-
ment goals.

2. Institutional capacity-building: Encourage organizational
learning, identify barriers and drivers for open, responsible
research and innovation practices.

3. Experimentation and foresight: Combine real-world experimen-
tation with scenario planning and monitor progress.

4. Knowledge sharing incentives: Early knowledge and data
sharing, open collaboration, and transparency.

5. Mediation of socio-technical change: Facilitate stakeholder
alignment on common outcomes.

6. Adaptive governance: Support organizational transformation
within partner institutions and contribute to policy adaptation.

7. Societal direction: Use mission-based research frameworks to
align projects with normative goals.

8. Transformative impact: Orchestrate innovation within defined
ecosystem-level or territorial (e.g., regional, national) objectives
(for example, climate objectives within the Green Deal).

9. Engineering specificity: Enable responsible creation (value sen-
sitive) /design of technologies with embedded values.
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10. Context-sensitivity: Ground research and innovation activities in
their specific social, institutional, cultural, and regulatory con-
texts, recognizing that responsible outcomes depend on locally
situated conditions, constraints, and stakeholder configurations.

11. Networked learning: Foster interactions between technology
producers and users for communal learning and public benefit.

An RRI-Lab for engineering practices would thus operate as a
mission-driven, collaborative space where engineers and all stake-
holders, including societal actors, co-design solutions aligned with
contextually specified overarching goals, such as sustainability, public
welfare, and social/societal wellbeing. An RRI-Lab should therefore be a
place enabling reflexivity in knowledge acquisition through appropriate
stakeholder participation design. It would build institutional capacity
for responsible innovation by fostering organizational learning, early
knowledge sharing, and open data practices. Through scenario planning,
real-world experimentation, and adaptive governance, the lab would
enable continuous reflection, alignment, and policy-relevant insights. By
embedding values into technology design and supporting structured
socio-technical mediation, the lab would drive transformative,
ecosystem-level change while cultivating networked learning across
communities of practice.
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