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Chapter 10. Technology governance and the innovation process

By
David E. Winickoff and Sebastian M. Pfotenhauer

Innovation reaps major benefits for economies, but some emerging technologies carry
public concerns and risks. However, governing and steering emerging technologies to
achieve good outcomes, while important, remains difficult. This chapter first examines how
governance of emerging technologies should be recast from post-hoc regulation to
approaches that engage the process of innovation itself. It then successively discusses three
policy instruments that show promise as a means of addressing societal goals, concerns
and values during the innovation process: participatory agenda-setting, co-creation (e.g.
in the form of test beds), and value-based design and standardisation. The final section
draws the main policy implications of adopting a more upstream approach to technology
governance.
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Embedding governance in innovation processes

Technological innovation is a major engine of productivity, economic growth and well-
being. Its development is shaped by a mix of market, social and political forces. In many
parts of the world, people live longer, healthier, and more comfortable lives because of the
fruits of innovation. Governments around the globe seek to stimulate innovative activity
through the orchestration of innovation systems and the setting of appropriate regulatory
frameworks that engage market dynamics as well as the diversity of innovation needs and
forms (OECD, 2010a).

While essential for addressing some of society’s most pressing challenges, innovation can
also have negative consequences for individuals and societies, as witnessed in previous
waves of industrial revolution or in current debates around digitization, data privacy, and
artificial intelligence. Indeed, the profound and ambiguous societal implications of
emerging technologies bring them to the forefront of popular media and political debate.
Blockchain technology promises a revolution in business models and transaction
transparency, but also calls into question decades’ worth of global regulation of financial
markets (Berryhill et al., 2018). Autonomous vehicles carry enormous potential, but early
experiments also highlight the dangers of their use in real-world environments (ITF, 2015).
Digital platforms like Uber or Airbnb have begun to revolutionise entire service sectors,
but have also raised concerns about new inequalities, and have occasionally been met with
fierce resistance (OECD, 2016a). New developments in bioengineering, including gene
editing and do-it-yourself biology kits, have recently triggered a series of global discussions
about the future, and a potential ban on CRISPR-Cas9 and other gene-editing technologies
(Garden and Winickoff, 2018a). Preventing, correcting or mitigating such potential
negative effects while still allowing for entrepreneurial activity to flourish and reaping the
benefits of innovation is a key challenge facing policy makers today.

Appropriate governance of emerging technologies is hence the proper task of governments
because of the former’s capacity to alter — and potentially disrupt — existing social orders,
often in uncertain ways. Governing innovation in such ways as to limit potentially negative
effects in innovation represents a complementary function of governments in well-
functioning innovation systems, in addition to correcting for market, systems, and
institutional failures (OECD, 2010; Bozeman, 2002; Smits and Kuhlmann 2004). It
balances private sector interests and market dynamics with public good consideration and
democratic legitimacy. This task has become more important, yet more difficult, as
technology itself has become more complex, pervasive, and convergent. Some have argued
that recent development around digital technologies — and their convergence with
biological and other material systems — may mark a turning point for reconsidering the role
of technology governance (The Economist, 2016; Marchant and Wallach, 2017).

The private sector, too, is increasingly voicing governance concerns. On 10 April 2018,
Mark Zuckerberg, CEO of Facebook, the largest social network in the world and one of its
most powerful corporations, was questioned before the United States Congress about
failures in data protection, the right to privacy and pernicious uses in election meddling.
Throughout the hearing, lawmakers raised a wide array of questions on the relationship
between innovation and democracy, corporate responsibility in preserving core
constitutional values and the disproportionate power of quasi-monopolies in the digital
sphere. As Zuckerberg stated in his response, “My position is not that there should be no
regulation. [..] I think the real question, as the Internet becomes more important in people’s
lives, is what is the right regulation, not whether there should be or not” (CBC, 2018).
Recently, Microsoft President Bradford Smith has echoed these sentiments for the case of
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facial recognition software, arguing that “We live in a nation of laws, and the government
needs to play an important role in regulating facial recognition technology” (Singer, 2018).

These episodes reflect a broader pattern of unease with the power of technology — and its
creators — over our lives. They highlight the seemingly unregulated spaces in which
innovative companies like Facebook grow from small start-ups to global giants, as well as
the difficulties experienced by policy makers in formulating the right questions — let alone
exerting appropriate oversight — in a rapidly changing technological landscape. The
perception is growing across the public and private sectors that the future of work,
democracy and other aspects of social order will require new forms of governance allowing
policy makers to respond to technological change in real time (OECD, 2018).

Box 10.1. Definition of technology governance

Building on previous OECD work, technology governance can be defined as the process
of exercising political, economic and administrative authority in the development,
diffusion and operation of technology in societies (OECD, 2006; Kaufmann and Kraay,
2007; Carraz, 2012). It can consist of norms (e.g. regulations, standards and customs), but
can also be operationalised through physical and virtual architectures that manage risks
and benefits. Technology governance pertains to formal government activities, but also to
the activities of firms, civil society organisations and communities of practice. In its
broadest sense, it represents the sum of the many ways in which individuals and
organisations shape technology and how, conversely, technology shapes social order (The
Commission on Global Governance, 1995; Greene, 2014).

Several recent trends — some governmental and some market-driven — in the governance of
emerging technologies are taking an anticipatory approach. Three instruments in particular
for “upstream” innovation governance — participatory agenda-setting, co-creation and test
beds, and value-based design and standardisation — show promise as a means of addressing
societal goals, concerns and values during the innovation process itself. These instruments
tend to emphasise anticipation, inclusiveness and directionality as key ingredients for
governance, which can help shape technological designs and trajectories without unduly
constraining innovators. The following chapter discusses three promising instruments —
participatory agenda-setting, co-creation (e.g. in the form of Test Beds), and value-based
design and standardisation — to illustrate how process governance can help augment
innovation processes to respond to public and policy concerns.

Reframing governance as integral to the innovation process

The governance of emerging technologies poses a well-known puzzle: the so-called
Collingridge dilemma holds that early in the innovation process — when interventions and
course corrections might still prove easy and cheap — the full consequences of the
technology — and hence the need for change — might not be fully apparent (Collingridge,
1980). Furthermore, early interventions can unduly limit technological options before they
are adequately explored.

Conversely, when the need for intervention becomes apparent, changing course may
become expensive, difficult and time-consuming. Society and developers may have already
made substantial investments in adopting a technology, and set in motion certain path
dependencies. Uncertainty and lock-ins are at the heart of many governance debates
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(Arthur, 1989; David, 2001), and continue to pose questions about “opening up” and
“closing down” development trajectories (Stirling, 2008).

In such conditions of uncertainty, traditional regulatory instruments — e.g. risk assessment,
product-based standard-setting, export controls and liability — tend to narrowly focus on
immediate or readily quantifiable consequences and their management, or enter only after
key decisions about technology design have been made. Yet, many of the issues raised by
currently emerging technologies are more fundamental and long-term. For example, current
developments in artificial intelligence (Al) research might be subjected to rigid
classification, performance standards, estimates of economic gains and losses, and export
controls; however, the long-term societal and economic implications for populations,
health systems, business and society cannot be predicted with any certainty. Similar
patterns can be seen in the field of neurotechnology, where embedded devices and brain-
computer interfaces are subjected to existing safety and efficacy regimes, but these regimes
may not address long-term ethical questions about human agency and mental privacy
(OECD, 2017b; Garden and Winickoff, 2018b).

Several emerging approaches in science policy seek to overcome the Collingridge dilemma
by engaging concerns with technology governance “upstream”. Process governance shifts
the locus from managing the risks of technological products to managing the innovation
process itself: who, when, what and how. It aims to anticipate concerns early on, address
them through open and inclusive processes, and steer the innovation trajectory in a
desirable direction. The key idea is that making the innovation process more anticipatory,
inclusive and purposive (Figure 10.1) will inject public good considerations into innovation
dynamics and ensure that social goals, values and concerns are integrated as they unfold.
By locating governance discussions within the vanguard of innovations, it also ensures that
policy makers are not be taken by surprise.

Figure 10.1. Three imperatives of a process-based approach to governance
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Characteristics of process governance: Anticipatory/upstream

Predicting the path of new technologies is notoriously difficult, whether the context is
government regulation, venture capital or academic research. Anticipation—e.g. in the form
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of structured foresight and informed planning — is a key concern in many policy circles and
boardrooms around the globe. From an innovation perspective, end-of-pipe-approaches can
be inflexible, inadequate and even stifling (World Economic Forum, 2018). But can
anticipation be a systematic component of innovation governance? How can that be done?

Recently, a range of anticipatory and upstream approaches have emerged that may help
explore, deliberate and steer the consequences of innovation at an early stage (Box 10.2;
Wilsdon and Willis, 2004). They allow for responding to public concerns or changing
circumstances along the development trajectory. From an industry perspective, upstream
approaches can incorporate public values and concerns, potentially mitigating potential
public backlash against technology (see section 9 on design ethics). In OECD countries,
frameworks for upstream governance have entered policy debates, e.g. in the context of the
“Anticipatory Governance” pillar within the U.S. Nanotechnology Initiative (OECD,
2012). Likewise, under the major EU research-funding programme, Horizon 2020, the
Responsible Research and Innovation (RRI) pillar has attempted to mainstream this
approach across all research activities, echoed by recent developments in the United States
(Box 10.3). Anticipatory governance also mitigates hubristic tendencies in risk
management that one can estimate complex risks and guard against failure with
authoritative certainty (Jasanoff, 2003, Pfotenhauer et al., 2012).

Box 10.2. In my view: Professor David Guston on “anticipatory governance”

David Guston, Foundation Professor and Director, School for the Future of Innovation in
Society, Arizona State University, USA.

The idea of anticipatory governance (Barben et al., 2008; Guston, 2014) is to provide an
opportunity to work as productively and pragmatically as possible within the confines of
the so-called Collingridge dilemma. To do so, it envisions building three capacities:
anticipation, or foresight; integration across disciplines; and public engagement. Building
these capacities, both in traditional innovation organisations (like universities and private
firms), as well as across society more broadly (in non-governmental organisations and
public education), can help create a reflexive approach to innovation that will constantly
be re-examining its public purpose and its ability to facilitate responsible changes in
society.

Anticipatory governance recognises that at least two changes from current thinking are
crucial. One is that governance is not just something that happens in governing institutions
like legislatures, courts and regulatory agencies, but that it also happens through the
interaction of users with new technologies and through the creative choices that researchers
make in laboratories. This “jurisdictional” change means that the bounds of expertise must
be expanded from traditional modes, bringing experts in governance into conversation with
lab researchers and bringing lay citizens into the conversation altogether.

Two is that anticipation is not about predicting a future state of an innovation, but rather,
it is about asking questions about plausible futures so that we may act in the present to help
bring about the kind of futures we decide we want. This “temporal” change means that
people from many different backgrounds need to work together to imagine futures and
begin to build pathways towards them in the present. Neither of these changes resolves the
Collingridge dilemma, but together, they give us the best hope of living within it.
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Characteristics of process governance: Inclusive/democratic

Publics are normally assigned a passive role in the innovation process, i.e. as end-of-pipe
consumers and with a view towards eliciting technology acceptance. This approach has
been shown to backfire, e.g. in biotechnology (Irwin, 2001). The benefits of engaging
citizens, publics, and systematically excluded actors in policy processes through well-
designed exercises, deliberative hearings, panels and comment periods are well-known.
Yet, in the domains of science and innovation policy — and particularly in the governance
of emerging technologies — these benefits have received much less attention (Jasanoff,
2003; OECD, 2012).

Decades of science and technology studies have shown how value-based choices occur
throughout the different phases of the innovation process (Bijker et al., 1987). In shaping
what we know, where we go, and how we live and interact, technologies act as a kind of
invisible and durable “legislation”, as observed by the scholar Langdon Winner (1980)
many years ago. If technology designs have “law-like” social consequences, however, then
they require some form of democratic accountability. Hence, innovation systems should
promote opportunities for public deliberation and participation on the values emerging
technologies incorporate, and provide citizens with effective opportunities for appraising
and shaping technology pathways (Bozeman and Sarewitz, 2005; Schot and Steinmueller,
2018).

Greater emphasis on public engagement and process inclusivity can therefore help align
science and technology with societal goals and needs, a major goal of the Responsible
Research and Innovation (RRI) agenda in Europe and elsewhere (Stilgoe etal., 2013;
Box 10.3).

Box 10.3. Definitions of RRI in countries of the European Union

o “Responsible innovation means taking care of the future through collective
stewardship of science and innovation in the present” (Stilgoe et al., 2013).

e “RRI is a transparent, interactive process by which societal actors and innovators
become mutually responsive to each other with a view to the (ethical) acceptability,
sustainability and societal desirability of the innovation process and its marketable
products (in order to allow proper embedding of scientific and technological
advances in our society)” (von Schomberg, 2013).

o “RRIis as much a movement to foster practices and cultures among those engaged
in supporting and pursuing innovation, as a concern with appropriate regulatory
and governance structures. The engagement of publics in determining what the
desirable ends of research are, and how innovation processes can achieve these, is
also often seen as a crucial part of responsible practice” (Nuffield Council on
Bioethics, 2013).

e “RRI is the ongoing process of aligning research and innovation to the values,
needs and expectations of society” (European Commission, 2014).

This emphasis goes beyond the widely acknowledged benefits (and biases) of open or user-
led innovation, such as pooling external expert knowledge or collective creativity (von
Hippel 2006; Chesbrough 2005). It adds an element of democratic legitimacy to innovation
while gauging public concerns and adjusting trajectories accordingly such as to avoid
potential backlash (OECD, 2012). By making innovation processes more inclusive and
democratic, innovation can provide better opportunities to members of disadvantaged
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groups, improve the positive impacts of technology for a wider range of actors, and enhance
democratic participation in shaping sociotechnical futures.

While the rationale for these engagement mechanisms are increasingly well accepted, their
mainstream implementation remains challenging. Who gets to participate how, when, and
why in the innovation process? Whose interests predominate? Is the input of expert lead-
users more valuable than that of lay citizens? When does public engagement lead to
improvement, and when does it begin to hamper innovative activity? Answers to these
questions are difficult and highly context-dependent. However, growing experience and
literature exist on these questions, and good models can be found across OECD countries
(OECD, 2017a, Ch.8). One pathway is to unlock the potential of more open and
collaborative forms of innovation through “co-creation” processes, for example in the
interaction of disease groups, academic researchers and pharmaceutical companies to
develop the next generation of health therapies (Winickoff et al., 2016). This form of
inclusion can also enhance the relationship between science and society by building a more
scientifically literate, supportive and engaged citizenry.

Characteristics of process governance: Purposive/directional orientation

Commitments to mission-driven versus bottom-up research ebb and flow, and debates
about the respective merits and demerits continue apace. In some OECD countries,
directionality or “mission orientation” has returned to centre stage (Mazzucato, 2018;
OECD, 2016). The challenge of the misalignment between research, commercialisation and
societal needs is not new (e.g. in the case of orphan drugs). However, present calls for
“directed” and “purposive” transformative innovation display a new level of urgency to
better connect innovation to “grand societal challenges” (e.g. the Sustainable Development
Goals [SDGs]) (Carraz, 2012; Kuhlmann and Rip, 2014; Schot and Steinmueller, 2016)
and respond to the particular needs of emerging economies (Kuhlmann and Ordo6fiez-
Matamoros, 2017).

Mazzucato (2018) suggests that by “harnessing the directionality of innovation, we also
harness the power of research and innovation to achieve wider social and policy aims as
well as economic goals. Therefore, we can have innovation-led growth that is also more
sustainable and equitable.” This might point to a stronger role for both the government and
the public in defining the goals of innovation and monitoring progress in achieving them.
At the same time, mission driven approaches must continue to allow relatively unfettered
entrepreneurial activity and provide sufficient market incentives, which points to the
challenge of finding the right balance between top-down and bottom-up processes.

Three instruments for process governance in innovation

The three above-mentioned imperatives for an upstream and inclusive approach to
technology governance are driving science policies across the public and private sectors,
targeting all stages of technology development. A growing number of examples illustrate
how innovation should not shy away from societal debates about technological futures:
rather, it can actively harness them to improve innovation processes and outcomes.

The following section discusses three instruments of innovation-process governance:
1) participatory agenda-setting for mission-oriented research; 2) co-creation (e.g. in the
form of test beds); and 3) design ethics and standardisation phases. All three reflect the
dimensions discussed above — anticipation, inclusion and directionality — yet deploy them
at different stages and in different ways throughout the innovation process (Table 10.1).
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Imperatives of process governance

Table 10.1. Process governance in three policy instruments

Participatory agenda-
setting in mission-
driven innovation

Co-creation (e.g. in
the form of test beds)

Design and
standardisation

Anticipation

Inclusion

Directionality

Anticipate social needs and align

innovation by feeding ideas and
expectations by the public into
new research and development
(R&D) initiatives.

Anticipate potential technical,
governance, and public opinion

challenges through testing under

real-world conditions.

Design phase interventions to
make transparent and promote
social values.

Include citizens alongside
technical experts, policy
makers and companies in
bottom-up processes to
define R&D priorities.
Include users and the other
members of the public
through open innovation

processes at various scales.

Devise multi-stakeholder
models to balance expert-
driven design.

Clearly articulate the purposes
and goals of R&D policies and
funding to achieve the
desirable sociotechnical
outcomes.

Include real-time feedback on
desirability and enable small-
scale demonstration before
broader roll-out in test beds.
Articulate social values and
goals and integrate them with
technology.

Participatory agenda-setting and mission-driven innovation

Science and innovation policy have long wrestled with the question of steerability of
technological progress and the role of government in innovation. Traditionally, innovation
policy has embraced markets for allocating resources to meet individual and collective
demands and a limited role for government interference where market failures or distortions
exist. This view has been repeatedly challenged by pushes for mission-driven or sector-
specific science and technology policies (Stokes, 1997) — a position reflected in recent
discussions on innovation’s role in the addressing “grand societal challenges (Kuhlmann
and Rip, 2014). This tension can be traced back to Vannevar Bush’s post-war science policy
manifesto, Science, the endless frontier, in which he observed that “science is the proper
concern of the government” because it can be mobilised to address important societal
challenges, while at the same time warning against overt “government controls” beyond
what could be called a hands-off funder-facilitator role (Bush, 1945; Stokes, 1997;
Pfotenhauer and Juhl 2017).

Growing concerns about how to best mobilise innovation for the public good and overcome
the apparent lack of bold progress have led to calls for a new era of mission-driven research.
Scholars like Mariana Mazzucato (2013) have evoked the era of large-scale mission-driven
research after the Second World War (“going to the moon”) to argue that governments
should act “entrepreneurially” and “boldly lead the way with a clear and courageous
vision,” reaping the benefits of high-risk investments. The more proactive perspective of
Mission-driven Innovation 2.0 reflects concerns that science and innovation do not
sufficiently meet human needs and public expectations, which in turn affects their public
acceptance.

From a governance perspective, then, a key question is who sets the mission, and within
what processes? In contrast to previous attempts at mission-driven research, the current
wave emphasises anticipatory and inclusive aspects. Today, governments tend to disfavour
purely top-down agenda-setting which relies on elected officials, science advisers and other
experts. Instead, they are using deliberative processes to better align innovation strategy
and societal priorities. For example, the European Commission’s Citizen and Multi-Actor
Consultation on Horizon 2020 (CIMULACT) has distilled input from EU citizens in 30
countries into a list of 23 distinct research topics for Europe, partly reflected in the
European Union’s new Horizon 2020 (H2020) research agenda (Box 10.4).
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Thus, participatory agenda-setting becomes an idea space and site for upstream governance
that allows policy makers to define the very visions and missions driving innovation
(OECD, 2017c). It asks what kinds of missions are worth embracing, and how can
democratic processes be established to legitimise them? This approach does not consider
political and social concerns as external to the innovation process, to be avoided and
silenced, but as essential features of any emerging technology, to be explored and
incorporated head-on (Pfotenhauer and Juhl, 2017). In this context, controversies can be
harnessed as a strategic resource for innovation, enabling discussions about priorities and
the distribution of social responsibilities.

Box 10.4. Deliberative agenda-setting: Two examples

In 2015, the EU-funded project CIMULACT engaged more than 1000 citizens in
30 countries, along with various other actors, in redefining the European Research and
Innovation agenda to make it more relevant and accountable to society. The project
encouraged participants to formulate their visions for desirable sustainable futures, debate
and develop them together with other actors, and transform them into recommendations
for future research and innovation policies and topics. The CIMULACT consortium
included 29 European members from organisations active in technology assessment,
science dissemination, innovation, research and consulting, co-ordinated by the Danish
Board of Technology Foundation. Among other things, CIMULACT identified 23 citizen-
inspired research topics drawing on 179 “visions” and reflecting 26 distinct social needs,
which have since been partly picked up by the European Commission when defining the
H2020 research agenda for 2018-20. These citizen-based topics include greater
dissemination and access to healthcare innovations; evolving food cultures in growing
cities; and mobilising technology to ensure more balanced work-life models in future work
models.

In 2014, the Dutch Government began developing a new strategy for science, the National
Research Agenda. To maximise support from different social groups, one of the pillars of
the development process was public consultation using digital tools, wherein members of
the public were invited to “ask a scientist a question”. All residents of the Netherlands
could submit questions on the website, and access explanations and key words. The
guestions were analysed and clustered into 248 groups; 3 conferences were organised to
add relevant information and aggregate further some of the questions in these groups. A
total of 900 people participated in the conferences, which were organised in disciplinary
and multidisciplinary discussion groups over several rounds. A panel of experts further
reduced the questions to 140. These questions were then linked to the priorities of different
national research organisations and also divided into chapters of the final National
Research Agenda: 1) Man, the environment and the economy; 2) the Individual and
society; 3) Sickness and health; 4) Technology and society; and 5) Fundamentals of
existence. The final research agenda described the linkages between the 140 clustered
guestions and themes from the H2020 programme. By the time the National Research
Agenda was released, more than half of those who had submitted a question had received
invitations to lectures, public meetings and online fora from a range of organisations.

Sources: (OECD, 2017c; CIMULACT, 2017; de Graaf et al., 2017)
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Co-creation and test beds

“Co-creation” has emerged as a widely desired key resource in current attempts to enhance
innovation processes and outcomes. It is an umbrella term that captures a variety of
activities where different innovation actors gather under a joint project to achieve a
mutually beneficial outcome. Different disciplines have emphasised different aspects of co-
creation, such as social robustness, responsibility, collective creativity, knowledge flows
and better alignment of innovation with consumer needs. Co-creation already plays an
important role in many current science and innovation strategies of OECD countries, e.g.
in Japan’s Fifth Science and Technology Basic Plan (Government of Japan, 2016). There,
for instance, the Japanese Research Institute of Science and Technology (RISTEX) funds
co-creation projects featuring collaborative and prospective technology assessment, and
convenes multiple stakeholders around common societal problem formulations.?

Why can co-creation help improve the governance of emerging technologies? While
innovation was long conceived as happening outside the public eye in secretive corporate
R&D departments or created by genius inventors in a garage, the trend in recent years has
been a consistent move towards more open, co-creative and responsive forms of innovation.
For example, “maker spaces” and “fab labs” have sprung up across universities and
municipalities, providing experimental and collaborative workspaces and expertise for
young innovators, free of charge or for a small fee. The visible trend towards co-creation
offers new resources for steering and governing innovation in the making.

Co-creation facilitates the identification of potential technical flaws and governance
challenges through direct feedback from diverse actors, which extends the range of inputs
beyond traditional experts or select users. It can also reveal potential public concerns
through immediate testing under quasi real-world conditions. For example, if the intention
is to build social robots for elderly or patient care in nursing homes or hospitals, then
information from patients, relatives, nurses, doctors, insurers and facility managers,
alongside scientists and engineers, will likely improve their design. It can be tailored to a
specific social environment and enhance the acceptability of the technology.

A number of new co-creation instruments have recently emerged that are particularly
promising for questions of technology governance. Prominent examples are test beds and
living labs, designated spaces for innovation activity and experimental technology
implementation. They aim to test and demonstrate new sociotechnical arrangements in a
model environment, under real-world conditions (Box 10.5). Co-creation rationales are
also increasingly shifting public procurement practices from a market-based to a
governance rationale. With public procurement of innovation, the public sector can act as
a co-creator by defining public challenges to be addressed through an innovative solution
that is yet to be developed. The novelty is that the government purchases a solution that
does not yet exist while simultaneously setting the social, ethical and regulatory conditions
under which the innovation should operate. For example, in the European robotics
consortium ECHORD++, public procurement of innovation was used to co-develop
robotics technology involving firms, universities and municipalities to enhance sewer
cleaning and hospital care.

Co-creation still poses challenges for researchers, companies and policy makers, including
how to mainstream practices across sectors, regions and scales. The European research
consortium Scaling up Co-creation: Avenues and Limits for Integrating Society in Science
and Innovation (SCALINGS) is presently exploring ways to expand co-creation in
10 countries and 3 different sectors (robotics, urban energy and autonomous driving).

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2018 © OECD 2018



10. TECHNOLOGY GOVERNANCE AND THE INNOVATION PROCESS | 231

SCALINGS is both investigating the technical challenges of developing innovative
technologies and the social challenges of embedding them in diverse governance regimes.?

Box 10.5. Test beds: Testing new governance modes for emerging technologies

Drawing on the popular “grand societal challenges” discourse and the growing insight that
adequate policy responses to these challenges will require transformations of both
technology and society, test beds (and related initiatives like living labs, real-world
laboratories and demonstrators) are sites of collaborative invention, testing and
demonstration for future technologies and sociotechnical arrangements in a model
environment, under real-world conditions. These increasingly prominent types of co-
creation practice are deployed across geographical regions and technical domains to foster
innovation. (Engels, Wentland and Pfotenhauer, 2018).

Test beds are particularly prominent in the area of energy transition, smart cities and
mobility. For example, in September 2017, Canadian Prime Minister Justin Trudeau
announced a partnership between Waterfront Toronto and Sidewalk Labs — a start-up under
Google’s parent company Alphabet — to turn Toronto’s waterfront into “a proving ground
for technology-enabled urban environments around the world” (Hook, 2017). The initiative
aims to integrate self-driving shuttles, adaptive traffic lights, modular housing and freight-
delivering robots, in line with a city commitment to “waive or exempt many existing
regulations in areas like building codes, transportation, and energy in order to build the city
it envisioned.” Elsewhere, test beds for autonomous vehicles are flourishing, affecting rural
roads, highways and cities alike. Test-bed projects for smart and sustainable cities, whether
in South Korea (Songdo), China (Tianjin) or Abu Dhabi (Masdar City), are experimenting
with ways to foster new forms of urbanity and innovation, frequently with the ambition of
becoming a model for other cities.

Test beds are providing new opportunities to tackle governance issues in innovation. They
offer a glimpse at new sociotechnical arrangements in an “as-if” mode of tentative roll-out,
identifying not only glitches in the technology, but also societal responses and governance
challenges (Engels, Wentland and Pfotenhauer 2018). Test beds can serve as an instrument
to co-develop the very rules and regulations needed to cope with new technologies, and to
gauge which existing regulations might be detrimental to adoption. For example, the
European Energy Forum in Berlin has re-purposed a historical gas-storage facility into a
private research campus that develops and tests new forms of energy, mobility and
information technology solutions, blending technology creation-and-use environments
(Canzler etal., 2017). Here, building, traffic and infrastructural regulations are being
experimented alongside tested technologies, with a view towards scaling them across
Berlin and beyond. While public policy has primarily focused on lowering local regulatory
barriers in test-bed settings, or blurring boundaries between public and private interests,
this experimental approach to governance also provides new opportunities to deliberate
new rules and regulations in real time in order to direct innovation towards desirable
outcomes. It provides a counterpoint to the widespread notion that regulation is consistently
unable to keep pace with innovation (Engels, Wentland and Pfotenhauer, 2018).

Design ethics and standardisation phases

Technology-based standards determine the specific characteristics (size, shape, design or
functionality) of a product, process or production method. This form of governance can
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emanate from both the private sector (e.g. de-facto standards in the form of dominant
designs) and the public sector (e.g. government regulated vehicle safety standards or mobile
phone frequency bands).

Standards are critical for innovation: they define the conditions under which competition
takes place, and act as a built-in infrastructure for technology uptake and use within supply
chains, markets and society. From an economic perspective, they are desirable as vehicles
of efficiency by ensuring interoperability, securing minimum safety and quality, reducing
variety, and providing common information and measurement (OECD, 2011). On the other
hand, they can also create barriers to entry, distort competition, and be prone to capture.
They can also serve as useful vehicles of intellectual property rights (e.g. Blind, 2013), but
they also carry the danger of reinforcing monopolistic power and incumbency (Swann,
2000; OECD, 2011).

From a governance perspective, standards are equally important because of their social and
ethical implications. Standards “build in” certain norms, values, safeguards and goals into
technologies and infrastructures (Bowker and Star, 2000; Busch, 2013; Timmermans and
Epstein, 2010). For example, the lack of standardisation for genetic tests (e.g. on cancer
risks) may create conflicting diagnoses about an individual’s health and required course of
action, with downstream effects on who might receive health insurance or be denied
coverage because of a pre-existing condition (OECD, 2017b). Emission standards for
combustion engines or factories affect public health and the environment, frequently with
very unequal distributive effects. The dimensions of airplane seats refer to standardised
body measurements, with consequences not only for individuals who do not conform to
these measurements, but also for flight safety and economics. Once technological design is
standardised — whether in material or code — it shapes human behaviour in a law-like
manner and becomes increasingly hard to unseat over time (Lessig, 1999; Winner, 1980).
Current technological convergences in production, transportation and energy systems
elevate the political stakes of standardisation and integration (OECD, 2017a).

At the same time, careful consideration of product and process standards offers new inroads
into the governance of emerging technologies. Recent efforts by technical and policy
communities treat standardisation as a point of intervention to incorporate and make
explicit certain ethical and political values into the material objects, networks and systems
that they are designing.

In nanotechnology, standardisation is seen not just as a means of facilitating commerce
through interoperability, but also of promoting health and safety. For example, the “Safety
by Design” (SbD) approach seeks to integrate knowledge of potential adverse effects into
the process of designing nanomaterials and nanoproducts, and to engineer these undesirable
effects out of them (van de Poel and Robaey, 2017; Schwarz-Plaschg et al., 2017). Here,
“SbD aims at an integrated and iterative process, where safety information on a certain
material, substance or product is integrated from early research and development (R&D)
phases onwards” (Gottardo et al. 2017). Drawing on concepts from the construction
industry, the approach takes into consideration the projects’ life cycle: construction,
maintenance, decommissioning and disposal or recycling of waste material (Schulte et al.,
2008). As a concept, ShD has been studied extensively in the European projects Nanoreg2®
and Prosafe.*

In Al, concerns about the potential bias of algorithms, the lack of accountability of
autonomous systems and potential irreversibility have also sparked debates about design
standards. President Emmanuel Macron of France recently called for an anticipatory
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approach to governance that would “frame” AI appropriately at the design phase
(Thompson, 2018):

“Because at one point in time, if you don’t frame these innovations from the start,
a worst-case scenario will force you to deal with this debate down the line. | think
privacy has been a hidden debate for a long time...Now, it emerged because of the
Facebook issue. Security was also a hidden debate of autonomous driving. Now,
because we 've had this issue with Uber, it rises to the surface. So if you don't want
to block innovation, it is better to frame it by design within ethical and
philosophical boundaries.”

This call was later underscored by the Canada-France statement on Artificial Intelligence
following the meeting of President Macron with Prime Minister Justin Trudeau of Canada,
where both countries “emphasized the need to develop the capacity to anticipate impacts
and coordinate efforts in order to encourage trust” (Government of Canada, 2018).

Notwithstanding these calls, questions remain about how and when such framing should
take place, and who should undertake it. Numerous stakeholders, including companies such
as Google,> have issued statements on ethical principles. The OECD, too, is developing
recommendations on the ethics of making and using artificial intelligence. The “ethically
aligned design” (EAD) Standards for Autonomous and Intelligent Systems, currently being
developed by the Institute of Electrical and Electronics Engineers (IEEE), is another
potential way forward.® EAD comprises more than 100 sets of recommendations (including
standards on algorithmic bias; model process for addressing ethical concerns during system
design; and transparency of autonomous systems), which can be utilised immediately by
technologists, policy makers and academics. However, most of these standards remain a
work in progress. Because the Al community aims to be much more inclusive than in
typical standard-setting procedures, the working groups at IEEE have operated as fora for
public discussion and debate, as much as for technical work.

With design ethics emerging as a potentially powerful tool for translating values into
technology, the question arises about how that process is itself governed. A wide array of
governance models exists, from purely private standard-setting to mixed public-private
fora, like the International Organisation for Standardisation (e.g. Winickoff and Mondou,
2017). Such bodies can be slow and rigid; they also differ widely in how they develop
standards and integrate input from diverse stakeholders. Single countries can sometimes
dominate standard-setting processes to press technological advantages.

Relevant communities of engineering practice are in a good position to think creatively
about finding and standardising technical solutions. However, different technical
communities will bring different goals to the task, which may not necessarily align with
others within democratic societies. This underscores the importance of inclusiveness and
accountability in standard-setting as a key component of innovation: who sets the
standards, within what process, and with what claims to legitimacy? In this sense, standard-
setting can serve as a stage within the innovation process where more inclusive, purposive
and anticipatory forms of governance can be developed.

Policy implications
Recent attention to the governance gaps in digital and other emerging technologies has
revealed that traditional end-of-pipe instruments might be ineffective for addressing key

issues in a timely manner. In OECD countries, both public and private-sector actors
increasingly deploy governance instruments at earlier stages and as an integral part of the
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innovation process to steer emergent technologies towards better collective outcomes.
Anticipation, inclusivity and directionality have emerged as important characteristics for
adequate upstream governance of the innovation process. New approaches, such as
participatory agenda-setting, co-creation and standardisation, embody these characteristics.

These aspects unfold differently for the three policy instruments discussed above, affecting
different stages of the innovation process and shaping outcomes in different ways
(Figure 10.2). Participatory agenda-setting draws on structured processes to identify
collective needs and concerns, and translates them into research-funding and R&D
activities. Co-creation affects R&D practices at various stages and scales, but proves
particularly productive in more mature settings (e.g. test beds) where it enables real-time
feedback and reveals the governance challenges of emerging technologies. Design ethics
scrutinises how ethical and political values are built into technologies; they open up for
debate the ways in which emergent technologies will affect society. Note that Figure 10.2
should not be read as a revival of the much-criticized linear model of innovation (Godin
2006, Balconi et al. 2010, Pfotenhauer & Juhl 2017). Rather, it is meant to indicate that
process governance can be useful to various types of activity that contribute to innovation,
no matter in which order they occur or whatever else might be involved.

Figure 10.2. Upstream governance in the innovation process in three instruments
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The undiminished pace of technological change suggests that the need for better upstream
governance in innovation will continue to grow, partly to enable responsible diffusion
downstream for technologies with uncertain consequences. Governments and businesses
should seek to enhance their capacities for anticipatory, inclusive and purposive
governance throughout the innovation process, and augment their individual capacities
through adequate frameworks for transnational governance.

The previous analysis of three policy instruments indicates that governments can build
“technology with and for society” in the following ways:

e continue to experiment with, and expand, participatory forms of foresight and
agenda-setting, connecting them to funding organisations and national strategy
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bodies; integrate evaluation mechanisms in the design of new governance
initiatives from the outset, to improve methods and approaches over time.

o foster opportunities for co-creation among diverse stakeholders for different
regions, technologies and scales; exploit opportunities for co-developing new
technologies and governance mechanisms, through the responsible use of
platforms like test beds.

e use standard-setting to promote the public good and values; support standard-
setting processes that function as public fora for democratic deliberation on the
governance of emerging technologies, and avoid capture of these fora by narrow
interests.

e acknowledge the diversity of innovation practices, needs and rationales across
OECD countries, including culturally and politically specific ways of governing
emerging technologies; foster co-ordinated international efforts to gather and
analyse data and best practices on (upstream) process governance for
emerging/converging technologies; build tools and indicators to assess innovation
governance against the goals of anticipation, inclusivity and directionality (OECD,
2010).

e develop resources and guidelines for innovation-process governance at an
international level; use the capacity for comparison of transnational organisations,
such as the OECD or the European Union, to investigate the relative efficacy and
context dependency of these process instruments.

Notes

1 http://ristex.jst.go.jp/hite/en/index.html.
2 www.scalings.eu.

3 http://www.nanoreg2.eu.

4 http://www.h2020-prosafe.eu.

5 https://ai.google/principles.

® The IEEE is a major international association of engineers that produces authoritative technical
standards in many fields: https://ethicsinaction.ieee.org.

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2018 © OECD 2018


http://ristex.jst.go.jp/hite/en/index.html
http://www.scalings.eu/
http://www.nanoreg2.eu/
http://www.h2020-prosafe.eu/
https://ai.google/principles
https://ethicsinaction.ieee.org/

236 | 10. TECHNOLOGY GOVERNANCE AND THE INNOVATION PROCESS

References

Arthur, W.B. (1989), “Competing Technologies, Increasing Returns, and Lock-In by Historical Events”,
The Economic Journal, Vol. 99/394, pp. 116-131, Wiley, Hoboken, NJ,
http://dx.doi.org/10.2307/2234208.

Balconi M., S. Brusoni and L. Orsenigo (2010), In defence of the linear model: An essay. Research
Policy, Vol. 39/1, pp. 1-13, Elsevier, Amsterdam,. DOI: https://doi.org/10.1016/j.respol.2009.09.013

Barben, D. et al. (2008) “Anticipatory Governance of Nanotechnology: Foresight, Engagement, and
Integration,” in E. Hackett, O. Amsterdamska, M.E. Lynch, J. Wajcman (eds.), The Handbook of
Science and Technology Studies, 3rd edition, pp. 979-1000, MIT Press, Cambridge, MA.

Berryhill, J., T. Bourgery and A. Hanson (2018), “Blockchains Unchained”, OECD Working Papers on
Public Governance, OECD Publishing, Paris, https://doi.org/10.1787/3c32c429-en.

Bijker, W., T.P. Hughes and T. Pinch (1987), The Social Construction of Technological Systems: New
Directions in the Sociology and History of Technology, MIT Press, Cambridge, MA,
https://bibliodarg.files.wordpress.com/2015/09/bijker-w-the-social-construction-of-technological -
systems.pdf.

Blind, K. (2013), “The Impact of Standardization and Standards on Innovation”, working paper,
Compendium of Evidence on Innovation Policy, Manchester Institute of Innovation Research,
Manchester, http://www.innovation-policy.org.uk/compendium/section/Default.aspx?topicid=30.

Bowker, G.C. and S.L. Star (2000), Sorting Things Out: Classification and Its Consequences, MIT Press,
Cambridge, MA.

Bozeman, B. (2002), “Public value failure: When efficient markets may not do”, Public Administration
Review, Vol. 62/2, pp. 145-161, Wiley, Hoboken, NJ, https://doi.org/10.1111/0033-3352.00165

Bozeman, B. and D. Sarewitz (2005), “Public values and public failure in US science policy”, Science &
Public Policy, Vol. 32/2, pp. 119-136, Oxford University Press, Oxford.

Busch, L. (2013), Standards: Recipes for Reality, reprint edition, MIT Press, Cambridge, MA.

Bush, V. (1945), Science, the endless frontier, 2nd ed., A Report to the President by Vannevar Bush,
Director of the Office of Scientific Research and Development, July 1945, United States Government
Printing Office, Washington, DC, https://www.nsf.gov/about/history/nsf50/vbush1945.jsp.

Canzler, W. et al. (2017), “From “living lab” to strategic action field: Bringing together energy, mobility,
and Information Technology in Germany”, Energy Research & Social Science, Vol. 27, pp. 25 35,
Elsevier, NY, https://doi.org/10.1016/j.erss.2017.02.003.

Carraz, R. (2012), “Improving Science, Technology and Innovation Governance to Meet Global
Challenges”, in Meeting Global Challenges through Better Governance: International Co operation
in Science, Technology, and Innovation, pp. 173-205, OECD Publishing, Paris,
http://dx.doi.org/10.1787/9789264178700-en.

CBC (2018), “Zuckerberg sees regulation of social media firms as ‘inevitable’”, CBC News, Toronto, 11
April 2018, https://www.cbc.ca/news/technology/facebook-zuckerberg-users-privacy-data-mining-
house-hearings-1.4614174 (accessed 29 June 2018).

Chesbrough, H.W. (2005), Open Innovation: The New Imperative for Creating And Profiting from
Technology, Harvard Business Review Press, Cambridge, MA.

CIMULACT (2017), «“23 Citizen-Based Topics for Future EU Research”, www.cimulact.eu,
http://www.cimulact.eu/wp-content/uploads/2018/02/CIMULACT-Booklet-Final-compressed.pdf.

Collingridge, D. (1980), The social control of technology, Frances Pinter, London.

The Commission on Global Governance (1995), Our Global Neighborhood, Oxford University Press,
Oxford.

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2018 © OECD 2018


http://dx.doi.org/10.2307/2234208
https://doi.org/10.1016/j.respol.2009.09.013
https://doi.org/10.1787/3c32c429-en
https://bibliodarq.files.wordpress.com/2015/09/bijker-w-the-social-construction-of-technological-systems.pdf
https://bibliodarq.files.wordpress.com/2015/09/bijker-w-the-social-construction-of-technological-systems.pdf
http://www.innovation-policy.org.uk/compendium/section/Default.aspx?topicid=30
https://doi.org/10.1111/0033-3352.00165
https://www.nsf.gov/about/history/nsf50/vbush1945.jsp
https://doi.org/10.1016/j.erss.2017.02.003
http://dx.doi.org/10.1787/9789264178700-en
https://www.cbc.ca/news/technology/facebook-zuckerberg-users-privacy-data-mining-house-hearings-1.4614174
https://www.cbc.ca/news/technology/facebook-zuckerberg-users-privacy-data-mining-house-hearings-1.4614174
http://www.cimulact.eu/
http://www.cimulact.eu/wp-content/uploads/2018/02/CIMULACT-Booklet-Final-compressed.pdf

10. TECHNOLOGY GOVERNANCE AND THE INNOVATION PROCESS | 237

David, P.A. (2001), “Path dependence, its critics and the quest for ‘historical economics’”, in P.
Garrouste and S. loannides (eds.), Evolution and path dependence in economic ideas: Past and
present, p. 40, Edward Elgar Publishing, Cheltenham, United Kingdom and Northampton, MA.

The Economist (2016), “Frankenstein's Paperclips”, The Economist, London,
https://www.economist.com/special-report/2016/06/25/frankensteins-paperclips.

Engels, F. Wentland and S.M. Pfotenhauer (forthcoming), “Testing the future? Developing a framework
for test beds as an emerging innovation policy instrument”.

European Commission (2014) Rome Declaration on Responsible Research and Innovation in Europe.
https://ec.europa.eu/research/swafs/pdf/rome_declaration RRI_final 21 November.pdf (accessed 1
June 2018), Rome.

Garden, H. and D.E. Winickoff (2018a), “Gene editing for advanced therapies”, OECD Science,
Technology and Industry Working Papers, OECD Publishing, Paris,
https://doi.org/10.1787/8d39d84e-en.

Garden, H. and D.E. Winickoff (2018b), “Issues in neurotechnology governance”, OECD Science,
Technology and Industry Working Papers, OECD Publishing, Paris,
https://doi.org/10.1787/c3256cc6-en.

Government of Canada (2018), “Canada-France Statement on Acrtificial Intelligence” (6 June 2018),
http://international.gc.ca/world-monde/international _relations-relations_internationales/europe/2018-
06-07-france_ai-ia_france.aspx?lang=eng

Government of Japan (2016), “Japan’s Fifth Science and Technology Basic Plan” (provisional
translation), 22 January 2016, Government of Japan, Tokyo,
http://www8.cao.go.jp/cstp/english/basic/5thbasicplan.pdf.

de Graaf, B.D., A.R. Kan and H. Molenaar (eds.) (2017), The Dutch National Research Agenda in
Perspective: A Reflection on Research and Science Policy in Practice, Amsterdam University Press,
Amsterdam.

Green, J.F. (2014), Rethinking Private Authority: Agents and Entrepreneurs in Global Environmental
Governance, Princeton University Press, Princeton, New Jersey.

Godin, B. (2006), “The Linear Model of Innovation: The Historical Construction of an Analytical
Framework,” Science Technology & Human Values, Vol. 31/6, pp. 639-667, Sage Journals, Thousand
Oaks, CA, DOI: https://doi.org/10.1177/0162243906291865.

Gottardo et al. (2017), NANOREG framework for the safety assessment of nanomaterials, JRC Science
Policy Report EUR 28550 EN, Ispra, doi 10.2760/245972.

Guston, D.H. (2014), “Understanding ‘anticipatory governance,” Social Studies of Science, Vol. 44/2, ,
pp. 218-42, Sage Journals, Thousand Oaks, CA, DOI: https://doi.org/10.1177/0306312713508669

von Hippel, E. (2006), Democratizing Innovation, MIT Press, Cambridge, MA.

Hook, L. (2017), “Alphabet to build futuristic city in Toronto”, Financial Times, London, 17 October
2018, https://www.ft.com/content/5044ecla-b35e-11e7-a398-73d59db9e399 (accessed 30 June 2018).

Irwin, A. (2001), “Constructing the Scientific Citizen: Science and Democracy in the Biosciences,”
Public Understanding of Science, Vol. 10/1, pp. 1-18, Sage Journals, Thousand Oaks, CA, DOI:
https://doi.org/10.1088/0963-6625/10/1/301.

ITF (2015), “Automated and Autonomous Driving: Regulation under Uncertainty”, International
Transport Forum Policy Papers, No. 7, OECD Publishing, Paris,
https://doi.org/10.1787/5]lwvzdfk640-en.

Jasanoff, S. (2003), “Technologies of Humility: Citizen Participation in Governing Science,” Minerva,
Vol. 41/3, pp. 223-244, Dordrecht,. DOI: https://doi.org/10.1023/A:1025557512320

Kaufmann D and Kraay A. (2007), Governance Indicators: Where Are We, Where Should We Be Going?
The World Bank, Washington DC.

Kuhlmann, S. and G. Ordéfiez-Matamoros (2017), “Governance of Innovation in emerging countries:
Understanding failures and exploring options”, in Kuhlmann, S. and G. Ordofiez-Matamoros (eds.),

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2018 © OECD 2018


https://www.economist.com/special-report/2016/06/25/frankensteins-paperclips
https://ec.europa.eu/research/swafs/pdf/rome_declaration_RRI_final_21_November.pdf
https://doi.org/10.1787/8d39d84e-en
https://doi.org/10.1787/c3256cc6-en
http://international.gc.ca/world-monde/international_relations-relations_internationales/europe/2018-06-07-france_ai-ia_france.aspx?lang=eng
http://international.gc.ca/world-monde/international_relations-relations_internationales/europe/2018-06-07-france_ai-ia_france.aspx?lang=eng
http://www8.cao.go.jp/cstp/english/basic/5thbasicplan.pdf
https://doi.org/10.1177/0162243906291865
https://doi.org/10.1177/0306312713508669
https://www.ft.com/content/5044ec1a-b35e-11e7-a398-73d59db9e399
https://doi.org/10.1088/0963-6625/10/1/301
https://doi.org/10.1787/5jlwvzdfk640-en
https://doi.org/10.1023/A:1025557512320

238 | 10. TECHNOLOGY GOVERNANCE AND THE INNOVATION PROCESS

Research Handbook on Innovation Governance for Emerging Economies: Towards Better Models,
pp. 1-36, Edward Elgar Publishing, Northampton, MA.

Kuhlmann, S. and A. Rip (2014), “The challenge of addressing Grand Challenges... and what universities
of technology can do”, University of Twente, Enschede, Netherlands,
https://ris.utwente.nl/ws/files/13268719/2014 Kuhlmann.pdf.

Lessig, L. (1999), Code: And Other Laws of Cyberspace, Basic Books, New York, NY.

Mazzucato, M. (2018), Mission-Oriented Research & Innovation in the European Union: A problem-
solving approach to fuel innovation-led growth, European Commission, Brussels.

Mazzucato, M. (2013), The Entrepreneurial State: Debunking Public vs. Private Sector Myths, Anthem
Press, London and New York.

Marchant, G.E. and W. Wallach (2016), Emerging Technologies: Ethics, Law and Governance, The
Library of Essays on the Ethics of Emerging Technologies, Vol. 3, Ashgate, Farnham, United
Kingdom.

Nuffield Council on Bioethics (2013), “Responsible research and innovation”, in Novel Technologies:
Intervening in the Brain, Nuffield Council on Bioethics, London, http://nuffieldbioethics.org/wp-
content/uploads/2014/06/Novel _neurotechnologies_Chapter 6_Responsible research_innovation.pdf
(accessed 20 July 2018).

OECD (2018), Going Digital in a Multilateral World, OECD Publishing, Paris,
https://www.oecd.org/going-digital/C-MIN-2018-6-EN.pdf.

OECD (2017a), The Next Production Revolution: Implications for Governments and Business, OECD
Publishing, Paris, https://doi.org/10.1787/9789264271036-en.

OECD (2017hb), “Neurotechnology and society: Strengthening responsible innovation in brain science”,
OECD Science, Technology and Industry Policy Papers, No. 46, OECD Publishing, Paris,
https://doi.org/10.1787/f31e10ab-en.

OECD (2017c), “Open research agenda setting”, OECD Science, Technology and Industry Policy
Papers, No 50, OECD Publishing, Paris. https://doi.org/10.1787/74edb6a8-en.

OECD (2016), “Priorities, strategies and governance of innovation in Sweden”, in OECD Reviews of
Innovation Policy: Sweden 2016, OECD Publishing, Paris, https://doi.org/10.1787/9789264250000-9-
en.

OECD (2012), “Planning guide for public engagement and outreach in nanotechnology”, OECD, Paris,
http://www.oecd.org/sti/emerging-tech/49961768.pdf.

OECD (2011), Demand-side Innovation Policies, OECD Publishing, Paris,
https://doi.org/10.1787/9789264098886-en.

OECD (2010), Measuring Innovation: A New Perspective, OECD Publishing, Paris,
https://doi.org/10.1787/9789264059474-en.

OECD (2006), “Applying strategic environmental assessment: Good practice guidance for development
co-operation, OECD Publishing, Paris.

Pfotenhauer, S.M. and J. Juhl (2017), “Innovation and the political state: Beyond the myth of
technologies and markets”, in Godin, B. and D. Vinck (eds.), Critical Studies of Innovation:
Alternative Approaches to the Pro-Innovation Bias, Edward Elgar Publishers, Cheltenham, United
Kindom and Northampton, MA, pp. 68-94.

Pfotenhauer, S.M., et al.(2012), “Learning from Fukushima,” Issues in Science and Technology, Vol.
28/3, pp. 79-84, Washington DC, http://issues.org/28-3/pfotenhauer/.

Schot, J. and W.E. Steinmueller (2018), “Three Frames for Innovation Policy: R&D, Systems of
Innovation and Transformative Change,” Research Policy, Vol. 47/9, pp. 1554-67, Elsevier,
Amsterdam, DOI: https://doi.org/10.1016/j.respol.2018.08.011.

Schot, J. and E. Steinmueller (2016), “Framing Innovation Policy for Transformative Change: Innovation
Policy 3.0.”, SPRU Science Policy Research Unit, University of Sussex, Brighton.

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2018 © OECD 2018


https://ris.utwente.nl/ws/files/13268719/2014_Kuhlmann.pdf
http://nuffieldbioethics.org/wp-content/uploads/2014/06/Novel_neurotechnologies_Chapter_6_Responsible_research_innovation.pdf
http://nuffieldbioethics.org/wp-content/uploads/2014/06/Novel_neurotechnologies_Chapter_6_Responsible_research_innovation.pdf
https://www.oecd.org/going-digital/C-MIN-2018-6-EN.pdf
https://doi.org/10.1787/9789264271036-en
https://doi.org/10.1787/f31e10ab-en
https://doi.org/10.1787/74edb6a8-en
https://doi.org/10.1787/9789264250000-9-en
https://doi.org/10.1787/9789264250000-9-en
http://www.oecd.org/sti/emerging-tech/49961768.pdf
https://doi.org/10.1787/9789264098886-en
https://doi.org/10.1787/9789264059474-en
http://issues.org/28-3/pfotenhauer/
https://doi.org/10.1016/j.respol.2018.08.011

10. TECHNOLOGY GOVERNANCE AND THE INNOVATION PROCESS | 239

Schulte, P.A. et al. (2008), “National Prevention through Design (PtD) Initiative”, Journal of Safety
Research, Vol. 39/2, pp. 115-121, Elsevier and National Safety Council, Itasca, IL,
https://doi.org/10.1016/j.jsr.2008.02.021.

Schwarz-Plaschg, C., A. Kallhoff and I. Eisenberger (2017), “Making Nanomaterials Safer by Design?”,
NanoEthics, Springer Netherlands, Dordrecht, Vol. 11/3, pp. 277-281,
https://doi.org/10.1007/s11569-017-0307-4.

Singer, N. (2018), “Microsoft Urges Congress to Regulate Use of Facial Recognition”, The New York
Times, New York, 14 July 2018, https://www.nytimes.com/2018/07/13/technology/microsoft-facial-
recognition.html (accessed 19 July 2018).

Smits, R. and S. Kuhlmann (2004), “The Rise of Systemic Instruments in Innovation Policy,”.
International Journal of Foresight and Innovation Policy, Vol 1/1, pp. 4-32, Inderscience Publishers,
Geneva, DOI: 10.1504/1JFIP.2004.004621.

Stilgoe J, R. Owen and P. Macnaghten (2013), “Developing a Framework for Responsible Innovation,”
Research Policy, Vol. 42/9, pp. 1568-80, Elsevier, Amsterdam, DOI:
https://doi.org/10.1016/j.respol.2013.05.008.

Stirling, A (2008), “'Opening Up' and 'Closing Down': Power, Participation, and Pluralism in the Social
Appraisal of Technology”, Science, Technology & Human Values, Vol. 33/2, pp. 262-294, Sage
Journals, Thousand Oaks, CA, https://doi.org/10.1177/0162243907311265.

Stokes, D.E. (1997), Pasteurs Quadrant: Basic Science and Technological Innovation, Brookings
Institution Press, Washington, DC.

Swann, P.G.M. (2000), “The Economics of Standardisation”, Final Report for Standards and Technical
Regulations Directorate, Department of Trade and Industry, Manchester Business School, University
of Manchester.

Thompson, T. (2018), “Emmanuel Macron Talks to Wired about France's Al Strategy”, Wired, 3 March
2018, https://www.wired.com/story/emmanuel-macron-talks-to-wired-about-frances-ai-strategy/.

Timmermans, S. and S. Epstein (2010), “A World of Standards but not a Standard World: Toward a
Sociology of Standards and Standardization”, Annual Review of Sociology, Vol. 36/1, pp. 69-89,
Annual Reviews, Palo Alto, CA, https://doi.org/10.1146/annurev.soc.012809.102629.

van de Poel, I. and Z. Robaey (2017), “Safe-by-Design: from Safety to Responsibility”, NanoEthics, Vol.
11/3, pp. 297 306, Springer Netherlands, Dordrecht, https://doi.org/10.1007/s11569-017-0301-x.

von Schomberg, R. (2013), “A Vision of Responsible Research and Innovation”, in Responsible
Innovation: managing the responsible emergence of science and innovation in society, Wiley,
http://onlinelibrary.wiley.com/book/10.1002/9781118551424.

Wilsdon J and Willis R (2004), See-through Science: Why Public Engagement Needs to Move Upstream,
Demos, London.

Winickoff DE, Jamal L and Anderson NR (2016), “New Modes of Engagement for Big Data Research”,
Journal of Responsible Innovation, Vol. 3/2, pp. 169-177, Taylor and Francis, Milton Park, UK,
https://doi.org/10.1080/23299460.2016.1190443.

Winickoff DE and Mondou M (2017), “The Problems of Epistemic Jurisdiction in Global Governance:
the Case of Sustainability Standards for Biofuels”, Social Studies of Science, Vol. 47/1, pp. 7-32,
Sage Journals, Thousand Oaks, CA, https://doi.org/10.1177/0306312716667855.

Winner, L. (1980), “Do Artifacts Have Politics?”, Daedalus, Vol. 109/1, pp. 121-136, MIT Press,
Cambridge, MA, https://www.jstor.org/stable/20024652.

World Economic Forum (2018), Agile Governance: Reimagining Policy-making in the Fourth Industrial
Revolution, World Economic Forum, Geneva, https://www.weforum.org/whitepapers/aqgile-
governance-reimagining-policy-making-in-the-fourth-industrial-revolution.

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2018 © OECD 2018


https://doi.org/10.1016/j.jsr.2008.02.021
https://doi.org/10.1007/s11569-017-0307-4
https://www.nytimes.com/2018/07/13/technology/microsoft-facial-recognition.html
https://www.nytimes.com/2018/07/13/technology/microsoft-facial-recognition.html
https://doi.org/10.1016/j.respol.2013.05.008
https://doi.org/10.1177/0162243907311265
https://www.wired.com/story/emmanuel-macron-talks-to-wired-about-frances-ai-strategy/
https://doi.org/10.1146/annurev.soc.012809.102629
https://doi.org/10.1007/s11569-017-0301-x
http://onlinelibrary.wiley.com/book/10.1002/9781118551424
https://doi.org/10.1080/23299460.2016.1190443
https://doi.org/10.1177/0306312716667855
https://www.jstor.org/stable/20024652
https://www.weforum.org/whitepapers/agile-governance-reimagining-policy-making-in-the-fourth-industrial-revolution
https://www.weforum.org/whitepapers/agile-governance-reimagining-policy-making-in-the-fourth-industrial-revolution




From:

OECD Science, Technology and Innovation
Outlook 2018

Adapting to Technological and Societal Disruption

Access the complete publication at:
https://doi.org/10.1787/sti_in_outlook-2018-en

@) OECD

Please cite this chapter as:

OECD (2018), “Technology governance and the innovation process”, in OECD Science, Technology and
Innovation Outlook 2018: Adapting to Technological and Societal Disruption, OECD Publishing, Paris.

DOI: https://doi.org/10.1787/sti_in_outlook-2018-15-en

This work is published under the responsibility of the Secretary-General of the OECD. The opinions expressed and arguments
employed herein do not necessarily reflect the official views of OECD member countries.

This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the
delimitation of international frontiers and boundaries and to the name of any territory, city or area.

You can copy, download or print OECD content for your own use, and you can include excerpts from OECD publications,
databases and multimedia products in your own documents, presentations, blogs, websites and teaching materials, provided
that suitable acknowledgment of OECD as source and copyright owner is given. All requests for public or commercial use and
translation rights should be submitted to rights@oecd.org. Requests for permission to photocopy portions of this material for
public or commercial use shall be addressed directly to the Copyright Clearance Center (CCC) at info@copyright.com or the
Centre frangais d’exploitation du droit de copie (CFC) at contact@cfcopies.com.

&) OECD


https://doi.org/10.1787/sti_in_outlook-2018-en
https://doi.org/10.1787/sti_in_outlook-2018-15-en

	Chapter 2.  Artificial intelligence and the technologies of the Next Production Revolution
	Production technologies: Recent developments and policy implications
	Nanotechnology

	Selected cross-cutting policy issues
	Public support for R&D


	Chapter 10.  Technology governance and the innovation process
	Embedding governance in innovation processes
	Reframing governance as integral to the innovation process
	Characteristics of process governance: Anticipatory/upstream
	Characteristics of process governance: Inclusive/democratic
	Characteristics of process governance: Purposive/directional orientation

	Three instruments for process governance in innovation
	Participatory agenda-setting and mission-driven innovation
	Co-creation and test beds
	Design ethics and standardisation phases

	Policy implications
	Notes
	References

	Chapter 14.  Blue Sky perspectives towards the next generation of data and indicators on science and innovation
	New perspectives on the policy use of STI data, statistics and analysis
	The struggle to communicate and act upon STI data and indicators





