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1 Introduction

The focus and instruments of innovation policy have changed fundamentally over the last decades.
Scholars have captured this by proposing various periodizations of innovation policy. For instance,
OECD (1963) constitutes one landmark suggesting a shift towards increased interest for economic
effect of science through innovation. Lundvall and Borras (2005) suggest a transition from science, to
technology, and finally innovation policy. Weber and Rohracher (2012) differentiate innovation policy
depending on the failure framework it uses. In a recent attempt, Schot and Steinmueller (2018) argue
for three frames for innovation policy based on the linear model, the systemic perspective of
innovation, and the focus on transformative change.

In this chapter, we critically examine the various periodizations offered in the literature, and
consequently debate the novelty of the most recent shift towards transformative innovation policy. A
main point put forward in this chapter is that a periodization of innovation policy in a clear sequence
where one frame precedes another, gives insufficient attention to the common elements of these
different understandings of innovation policy. Thus, rather than very clear shifts between generations
of innovation policy, it might be suggested that innovation policy evolves more gradually, for instance,
transformative elements are foregrounded recently under the umbrella of “transformative innovation
policy” but can also be identified in previous perspectives on innovation policy.

Even though grand challenges such as global warming and migration flows, as well as technological
change such as artificial intelligence and industry 4.0 have fired the debate on transformative
innovation policies in recent years, it has a long history — even going back to Schumpeter. Schumpeter
(1911) distinguished path-breaking economic activities from such that follow existing paths, thereby
foregrounding the role of innovations with transformative character for economic development. We
also find a long and substantial debate on lock-ins (Grabher, 1993) and policy interventions for
structural change (Hassink, 2005, Todtling and Trippl, 2004). Following this tradition, and the work on
regional path-dependency (Martin and Sunley, 2006), more recent studies have discussed mechanisms
and sources for new industrial path development (Grillitsch et al., 2018).

In parallel, a new literature has developed focusing on sustainability transitions, which suggests that
addressing current grand challenges requires substantial changes in the socio-technical systems that
deliver core services such as mobility and nutrition. Due to the urgency of tackling these challenges,
incremental innovations are arguably insufficient, and the sustainability transitions literature
consequently emphasizes the importance of radical innovations (Markard et al., 2012). It is also
underlined that transitions require not only innovations in new technologies, but also in social
practices, regulations and infrastructures. These prioritizations have important implications for the
objectives, instruments and overall design of innovation policy (Grillitsch et al., 2019, Kivimaa and Kern,
2016, Weber and Rohracher, 2012). In particular, directionality of innovation policy plays a central role
because transformative innovation policies build on the explicit aim that change processes should
support the achievement of sustainable development outcomes. Consequently, innovation is not
viewed as an end, but is instead treated as a means to achieve transformative change. In this view,
innovation policy is not merely focused on developing and diffusing new technologies, but also aimed
at destabilizing and phasing out unsustainable ones (Kivimaa and Kern, 2016).

This book chapter unfolds the historical and conceptual roots of transformative innovation policy,
compares critically the different strands of literature, and discusses policy implications as well as
important questions for future research.



2 Science, technology and innovation policy — the technology-push
approach

Policies for promotion of science, technology and innovation take many forms, but here we use the
term to refer to a policy approach that implicitly or explicitly builds on a linear understanding of
innovation processes, where scientific discoveries precede technology development activities, which
eventually lead to the commercialisation of innovations. The development of this policy approach is
often attributed to the report “Science: The Endless Frontier” commissioned by the US President
Roosevelt and written by Vannevar Bush (1945). However, as examined in great detail by Godin (2017),
the intellectual heritage of the linear model of innovation and the associated policy approach is
considerably more rich and complicated, going back to anthropologist, rural sociologists and
industrialists in the early 20" century, who all considered the question of how novelty arises, diffuses
and changes our societies.

2.1 Model of innovation

The linear model of innovation describes the development of innovation as a process starting with
scientific research, followed by product development, production and finally marketing. A central
characteristic of this model, namely the sequencing of the different steps, is also found in early work
on the relation between invention and diffusion of cultural practices and traits in anthropology, as well
as in writings by rural sociologists on the development and diffusion of agricultural technologies among
farmers. However, the first linear model of innovation was conceived by Maurice Holland of the US
National Research Council (e.g. Holland, 1928), and further theorised by Maclaurin (1947). These
contributions explicitly established an understanding of innovation as a sequential process developing
from basic research, to applied research, product development, production and commercialisation.
This linear conceptualisation of the innovation process has subsequently been reproduced in multiple
forms, with significant influence on priority setting in science, technology and innovation policy (Godin,
2017).

The linear innovation model has entailed a rather limited focus of science, technology and innovation
policy in terms of both actors and instruments. Central types of organisations include universities,
research institutes and firms — in particular large firms with own research laboratories — who play
different roles with regards to achieving scientific breakthroughs, technology development and
commercialisation of new technologies. Correspondingly, policy instruments focus on supporting
activities in the various steps of the linear innovation model: provision of public funding for basic
research; subsidising applied research directly or indirectly through tax credits; and establishment of
intellectual property right regimes, which allow innovators to profit from their research and
development (R&D) investments. Implicitly, the rationale behind the introduction of such policy
instruments builds on neoclassical economics and the existence of market failures (Laranja et al., 2008,
Mowery, 1983): firms are disincentivised from investing in knowledge creation due to the difficulties
of appropriating returns, leading to sub-optimal levels of investments in R&D from a societal
perspective.

Complementary to these instruments, policymakers have since Holland (1928) and Maclaurin (1954)
emphasised the importance of gathering statistics and intelligence about levels of investment in
science and R&D (Godin, 2017). Important manifestations of this are the development of the Frascati
Manual (OECD, 1963, now in its 7th version) for standardising methods for collection of R&D statistics,
as well as the introduction of industrial classifications based on industries’ investment levels in R&D.
Essentially, the division of industries into categories ranging from high-tech to low-tech has been
associated with an clear emphasis in policymaking on the small, R&D-intensive part of the economy,



comprising industries such as pharmaceuticals, electronics and aerospace, to the extent that increasing
R&D investments has become a goal in itself. As quoted in Hansen and Winther (2011), the European
Commission (2008) argues that (p. 11) “/g]iven the weight of high-tech sectors in the overall level of
business R&D intensity, a change should include the sectoral composition of the business sector, a move
towards a higher share of high-tech companies” and policy should (p. 16) “change the balance of the
industrial structure in favour of these research-intensive sectors”. Policies for attracting high-skilled
labour are also often specifically targeting high-tech industries (Hansen et al., 2014).

2.2 Evaluation and assessment

The literature abounds with critiques of the linear model of innovation and its associated policy
implications, in particular concerning the mismatch between the model’s emphasis on science and
research as a driver of innovation, and empirical work highlighting the vastly heterogeneous character
of innovation processes. Yet, from proponents of a transformative innovation policy approach, a main
point of critique has been the assumption that innovation is automatically beneficial for society. Thus,
Schot and Steinmueller (2018) suggest that traditional science, technology and innovation policy
approaches have been overly focused on innovation as a means of achieving economic growth, thereby
marginalising (p. 1561) “broader implications for the environment or human health and welfare”.

However, this perspective on the intentions of scholars responsible for early work on innovation
appears inaccurate or at least partial. In fact, innovation was directly connected to societal progress
not just in the form of increasing possibilities to consume, but also in terms of improving public health,
limiting pollution and conserving natural resources. As argued by Giuliani (2018), while some scholars
might have subscribed to a simple ‘science - innovation - economic growth’ logic, social and
environmental concerns were not unanimously ignored. To exemplify, improved health and living
standards were important arguments to Holland (1931) for supporting innovation; Bush (1945)
emphasised multiple socio-economic benefits of science; and Maclaurin researched unemployment
and social security measures in other work (Myers and Maclaurin, 1942).

Thus, rather than in intentions, the challenge of a linear perspective of innovation in terms of achieving
transformative change is arguably found in the appropriateness of the derived policy instruments.
Essentially, an emphasis on science-push instruments is adequate for ‘solving’ technical challenges as
those associated with mission-oriented projects such as the Manhattan Project and the Apollo
Program. However, addressing grand challenges such as climate change, biodiversity loss and aging
societies are fundamentally different in being open-ended and highly complex, not only in technical
terms. As pointed out by Mowery et al. (2010), the US government not only funded the Manhattan
and Apollo projects, but was also the sole customer, effectively eliminating the need for demand-side
policies. Further, the projects addressed technical challenges for which no existing solutions were in
use, whereas addressing e.g. climate change requires replacement of existing technologies, which is
associated with significant distributional consequences. Tackling these matters requires a different
policy toolbox than the one derived from a linear model of innovation.

3 Innovation system policy — the institutional approach

Godin (2017) identifies the origins of innovation system policy in seminal work by Jack Morton and
Freeman in the 1960s and 1970s, as well as OECD’s effort to push a systemic perspective highlighting
the importance of national innovation policy. The momentum further increased when Bengt-Ake
Lundvall became deputy director of the OECD Directorate for Science, Technology, and Industry from
1992 to 1995 advocating for the innovation systems approach. The innovation system approach differs



from the science, technology, innovation (STI) perspective in its underlying theory of innovation,
moving from a linear to an interactive model of innovation, in which a large variety of actors collectively
engage in conceiving, developing, and introducing ideas to the society.

The system approach originated with an appreciation for the many shapes of innovation, which can
but do not necessarily entail the commercialisation of new scientific knowledge. Innovation is also
viewed as “counter-concept” to science, stressing that in the process of creating societal benefit many
actors contribute in an inclusive process with science representing only one relevant type of actors
(Godin, 2016). Innovation systems are conceived as open systems, allowing for a variety of
perspectives to emerge with a focus on nations (Freeman, 1995, Nelson, 1993, Lundvall, 1992, Edquist,
1997), regions (Autio, 1998, Cooke, 1992, Asheim and Isaksen, 1997, Tédtling and Sedlacek, 1997),
sectors (Malerba, 2002, Breschi and Malerba, 1997), technologies (Carlsson and Stankiewicz, 1991)
and functions (Hekkert et al., 2007).

3.1 Model of innovation

The systemic perspective on innovation opposes the linear model of innovation. Rather than resulting
from research and development, innovation processes often start with recognising or believing in a
certain market opportunity (demand side), which is then followed by concept development (Kline and
Rosenberg, 1986, Kline, 1985). Research and development comes in to solve technical problems
associated with realising the concept and moving into production. The process described by Kline and
Rosenberg is characterised by feedback-loops. For instance, results from research and development
feed into concept development and opportunity discovery processes. The innovation system
approaches therefore rests on a very different understanding of innovation processes, which is non-
linear and interactive. Besides firms, universities, and research organisations, the importance of a
larger variety of actors has been recognised, including customers, intermediary organisations,
educational and training facilities, and public actors.

The early work on innovation systems in the 1990s highlights the importance of institutions,
predominantly understood as set of formal and informal rules. Variations in national institutional
configurations were linked to different patterns of innovation processes and outcomes. Closely linked
to this literature is the varieties of capitalism concept, differencing in liberal market economies and
coordinated market economies (Hall and Soskice, 2001, Vitols, 2001). It is argued that the institutional
configuration of liberal market economies promote radical, breakthrough innovations in science-based
sectors while coordinated market economies provide better conditions for incremental innovations
based on interactive learning in engineering-based sectors. This also implies a broader understanding
of innovation than present in the STI perspective.

Related to that, the innovation system approach provides a more differentiated spatial perspective,
which resulted in a number of regional typologies. These typologies showcase systematic patterns that
relate to i) key actors and governance (Asheim and Isaksen, 2002, Cooke, 1998), ii) the strengths in
radical versus incremental innovations (Cooke, 2004), and iii) regional innovation system failures
(Todtling and Trippl, 2005, Isaksen, 2001). Essentially, this literature finds that innovation processes
and outcomes do not only differ between nations but also between regions. Furthermore, the
literature also highlights that innovation comes in many forms and that there is no single best-practice
model that would suit all regions. However, innovation policy shall address the particular barriers
identified in regional and national contexts.

Appreciating the interactive nature of innovation processes, the involvement of multiple actors in such
processes, and the variegated shapes of innovation processes and outcomes at national and regional
levels, the innovation system approach broadens the scope for policy intervention considerably as



compared to the STI perspective. Policy interventions are to be justified by innovation barriers or
system failures. Woolthuis et al. (2005) differentiate in infrastructure, institutional, network, and
capability failures and link those to a variety of types of actors including demand (consumers, large
buyers), companies (small and large firms, start-ups), knowledge institutions (universities, technology
institutes), and third parties (banks, intermediaries, sector organisations, employees). Policies in
related to these various domains need to be coordinated to strengthen innovation systems (Lundvall
and Borras, 2005). At the regional level, Todtling and Trippl (2005) associate regional types to main
system failures. Accordingly, metropolitan regions typically suffer from a fragmentation of networks,
old industrial regions from lock-in, and peripheral regions from organizational thinness. Borras and
Edquist (2013) argue that a mix of policies need to be mobilised in order to address specific failures in
regions and nations covering regulatory instruments, economic and financial instruments, and soft
instruments.

3.2 Evaluation and assessment

The innovation system approach has been criticized for being static and “concerns structure or
institutions rather than time or sequence” (Godin, 2017, p. 139). According to this view, the innovation
system approach is less concerned with changes over time (a process perspective) than with how
different elements of the system play together at any point in time. This invites for a snapshot
perspective, which is not suitable for an understanding of system change over time. Hence, historic or
long-terms studies about how innovation systems have changed over time are rare but would add
value to understand the transformative capacity or effects of innovation systems. Yet, this does not
necessarily imply that innovation system policies do not promote transformative change because
innovation is considered as key driver of change in the capitalist society (Schumpeter, 1911, Shane and
Venkataraman, 2000). By providing the best possible preconditions for innovation, innovation system
policy is about supporting industrial dynamics (Grillitsch and Trippl, 2018).

Furthermore, a strand of the innovation system literature has explicitly addressed structural change in
old industrial regions (Hassink, 2005, Todtling and Trippl, 2004, Coenen et al., 2015b). In essence, this
literature investigates the barriers and possible instruments for such regions to overcome lock-ins
(Grabher, 1993) and transform. Recent literature contributes to a dynamic perspective by emphasising
new industrial path development, which is characterised by fundamental changes in actors
capabilities, networks and institutions (Grillitsch et al., 2018, Grillitsch and Asheim, 2018, Isaksen and
Trippl, 2016, Hassink et al., 2019). A virtue of the innovation system approach is that it offers policy
implications for a variety of regions and types of innovation, including science-based, radical
innovations, which typically emerge in knowledge-intensive urban areas, as well as incremental,
engineering based innovations, which are often at the heart of more remote areas.

A fundamental challenge of the innovation system literature, linked to the focus on how elements play
together in a system at the expense of a process perspective (Godin, 2017), is the lack of theorizing
and insights on how actors bring about transformative change. The innovation systems literature
explains how combinations of elements such as institutions, networks and actor capabilities affect
innovation outcomes (top-down explanation) but does not tell us much how these elements are
changed by the actions of individuals, groups of individuals, and organisations (bottom-up explanation)
(Uyarraetal., 2017, Asheim et al., 2015). As transformations cannot be understood without the micro-
processes producing structural change, this is an important shortcoming. This shortcoming is being
addressed (but not yet resolved) in emerging literature about agency in regional development
(Grillitsch and Sotarauta, 2019, Isaksen et al., 2019)



4 Transformative innovation policy — the challenge-driven approach

In recent years, numerous scholars have begun to describe yet another shift in the innovation policy
domain. This shift marks the emergence of transformative innovation policy (Schot and Steinmueller,
2018) also sometimes referred to as challenge-driven innovation policy (Coenen et al., 2015a) or next
generation innovation policy (Kuhlmann and Rip, 2018). The transformative innovation perspective is
often described as a profound break with the STI perspective and the innovation system perspective
(Kuhlmann and Rip, 2018, Schot and Steinmueller, 2018). While scholars are not claiming that
transformative innovation policy is fully replacing previous innovation perspectives, the shift to a
transformative innovation perspective is emphasised as more than an incremental change in the
innovation policy domain (Diercks et al. (2019). We suggest that the novelty of the transformative
innovation perspective should not be overstated. In the following sections, we unpack the novel
elements of the transformative innovation perspective, but also highlight the ways in which the
transformative innovation perspective evolves from previous perspectives. After this we go on to
explore the novelty in the implementation of transformative innovation policy.

4.1 Model of innovation

We suggest that three aspects of the transformative innovation perspective represent novel elements
in innovation policy. First, the aim to transition entire socio-technical systems, second, the emphasis
on experimentation, and third, the deliberate intention to destabilize unsustainable regimes.

The transformative innovation perspective rests on the aim of transitioning entire socio-technical
systems. Socio-technical systems describe the systems that deliver core services for society such as
mobility, energy and nutrition (Markard et al., 2012), and transformative innovation policy sets out to
address the challenges that contemporary society face with regards to the delivery of these core
services. The transformative innovation perspective therefore involves radical innovation across entire
systems of both production and consumption, which in turn requires “novel configuration of actors,
institutions and practices” (Weber and Rohracher, 2012, p. 1037).

Despite a ‘system-focus’, this contrasts with the innovation system perspective: In the innovation
system perspective, the notion ‘system’ refers to all the factors that influence the generation of
innovation. In the framing of transformative innovation policy, ‘system’ refers to wider socio-technical
systems delivering core services for society. Keeping this in mind, transformation challenges illustrated
by Weber and Rohracher (2012) concern barriers to change in socio-technical systems, whereas
market and system failures concern barriers to innovation performance. Arguably, two of these core
challenges for transformative innovation policy — directionality and demand articulation — are
qualitatively different compared with previous understandings of innovation policy, while the two
remaining challenges — policy coordination and reflexivity — were also recognised before, but requires
deepened consideration in the transformative perspective.

First, attention to directionality identifies the lack of deliberate attempts to address transformative
change through innovation processes. Whereas innovation system policy is broadly oriented towards
optimising the structural and institutional environment of the innovation system itself, transformative
innovation policy is oriented specifically towards particular societal challenges in socio-technical
systems and should proactively steer the direction of innovation towards addressing these. As
elaborated below in the point on destabilization, this has substantial implications for policy
formulation.

Second, demand articulation points to a lacking concern for market uptake of innovations and
insufficient understanding of user practices and expectations. This reflects the innovation system



perspective’s main focus on the production side of innovation and the transformative innovation
perspective’s much greater emphasis on the consumption and demand side of innovation. Although
demand and the involvement of actors on the demand side (e.g. users, consumers) is mentioned in
both perspectives, their role differs. In the innovation system perspective, the role of users and
consumers is mainly to lead and provide inputs into innovation processes, whereas the transformative
innovation perspective relies on consumer and users to make innovations part of their everyday
practices and life. The goal is to achieve a wide uptake of innovations rather than to focus on a select
group of lead users.

Third, policy coordination concerns the difficulty of achieving coherent and timely policy actions across
vertical and horizontal policy areas as well as public and private sector institutions. The importance of
policy coordination is also emphasised in innovation systems policy (Lundvall and Borras, 2005).
However, as transitions between socio-technical systems are complex and connect to multiple policy
fields, breaking down policy silos and coordinating across a large number of authorities and
organizations are arguably of even greater importance in transformative innovation policy.

Finally, reflexivity regards the need to engage with the long-term and uncertain nature of
transformative change. Following from this, emphasis is placed on continuous attention to monitoring,
anticipation and evaluation, as well as the establishment of policy platforms bringing together not only
governmental representatives but also private sector and civil society actors (Weber and Rohracher,
2012). While integrating reflexivity in innovation policy in the form of monitoring, anticipation and
evaluation instruments is arguably not reserved for a transformative approach, their importance is
likely particularly large in transformative innovation policy: as policy sets a clearer direction for
innovation, continuous reflections around the desirability of this direction are needed in government
and beyond.

We see this shift in innovation policy articulated in OECD publications. The System Innovation:
Synthesis Report (OECD, 2015) clearly articulates this changing perspective on the role of policy by
suggesting that “by and large, most innovation policies aim to foster incremental change; fostering
wider system change is a new challenge for innovation policy makers, especially as many of the actions
will fall in areas outside the direct remit of research ministries or innovation agencies but where their
input, coordination and implementation actions will remain critical”. The emphasis on policy for wider
system change is arguably at odds with the OECD’s traditional understanding of innovation.

In addition, the role of experimentation has been emphasised in different strands of literature relating
to socio-technical transitions. It generally refers to “an inclusive, practice-based and challenge-led
initiative, which is designed to promote system innovation through social learning under conditions of
uncertainty and ambiguity” (Sengers et al., 2019). Thus, the starting point is the uncertainty and
complexity of societal challenges, which calls for experimentation that creates a space for learning,
reflexivity and failure (Schot and Steinmueller, 2018). This highlights the need for testing new
technologies, but in a broader sense than previously conceptualised: focus is not only on laboratory
tests and demonstration plants, but also on experiments with business models and the use of
technologies in practice. Further, experimentation entails specific attention to learning about factors
that make emerging technologies successful vis-a-vis established incumbent alternatives. The need for
experimentation necessitates a different approach to innovation policy development, compared to STI
and innovation system policy: rather than attempting to correct market and innovation system failures
in order to ‘optimize’ innovation processes, transformative innovation policy puts greater emphasis on
facilitating experiments, while acknowledging that many experiments will fail. One illustration of this
is NESTA’s innovation policy approach, including initiatives such as real-world testbeds (Arntzen et al.,
2019, Morgan, 2018).
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The role of experimentation points to an interesting discrepancy in transformative innovation policy
between the desire to steer change towards societal challenges and the inherent difficulty of doing so
due to the complexity of those same challenges. The extent to which transformative innovation policy
can be planned is debatable. A key question in the debate surrounds the role of knowledge and the
extent to which scientific evidence can guide policy under uncertainty. Views on this question are
somewhat opposing. For example, Weber and Rohracher (2012) suggest that scientific evidence
continues to play an important role in establishing visions for change, while Stirling (2008) to a greater
extent abandons the idea of evidence based policy advice and instead encourages opening up and
democratizing the construction and development of knowledge.

Although we suggest that the transformative innovation perspective’s aim of transitioning entire socio-
technical systems represents something new in innovation policy, it would be wrong to ignore the links
to previous perspectives. For example, mission-oriented projects as described in the STI perspective
share the challenge-driven nature of transformative innovation policy. Mission-oriented projects also
exhibit a sense of directionality and deliberate steering, however, the challenges are of a technical
nature, which is unlike the societal challenges addressed by transformative innovation, which are
complex beyond the technical. Transformative innovation policy also stresses the importance of
collaboration and interaction between different actors across value chains. These interactions and
collaborations are believed to be key sites for innovations, which is similar to the innovation systems
approach, but quite different from the STI perspective that highlight activities within firms and
organisations as key sites of innovations (Bugge et al., 2019).

Beyond the socio-technical transition aspects, a third element sets transformative innovation policy
apart from previous perspectives. The transformative innovation perspective departs from the
understanding that many of the challenges faced by contemporary society are partly the result of
unintended consequences of innovation (Soete, 2013). However, as shown previously in the chapter,
scholars in earlier perspectives also considered the complex and sometimes contradictory effects that
innovation has on societal progress. What is new in the transformative innovation perspective,
however, is the proposed policy action in response to unintended consequences of innovation.
Transformative innovation policy implies a deliberate destabilisation of the unsustainable regimes
(Turnheim and Geels, 2012). Consequently, destabilization policies are argued to be a necessary
component of transformative innovation policy mixes, even if actual policy portfolios are often heavily
skewed towards ‘creation’ rather than ‘destruction’ policy instruments (Kivimaa and Kern, 2016).
Further, ‘phase-out’ or ‘exnovation’ policies arguably play a central role for transition processes, which
for instance is shown in the case study of the German Energiewende (Rogge and Johnstone, 2017,
David, 2017). This focus on destabilization is a clear difference of transformative innovation policy vis-
a-vis previous conceptualizations of innovation policy.

4.2 Evaluation and assessment

So far this section has focused on critically examining the novelty of the transformative innovation
perspective, but we want to take the discussion beyond conceptual discussions and ask how radically
different the transformative innovation perspective is when put into action on the ground? Critical
engagement with this question has just begun, but researchers exploring the design and
implementation of transformative innovation policy are generating insights that begin to nuance our
understanding of transformative innovation policy and its assumed transformative effect.

In a recently published paper, Diercks et al. (2019) conceptualise transformative innovation policy as
an emerging policy paradigm. Looking at the policy design of two global initiatives promoting
transformative innovation policies, Mission Innovation, an initiative for enhancing innovation in clean
energy technologies, and the Global Covenant of Mayors for Climate and Energy, an alliance of cities
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working towards a just and climate-resilient future, the authors demonstrate that the transformative
innovation policy paradigm is characterised by contestation, and that its practical expressions are
diverse and even contradictory at times. Both initiatives share a social policy agenda for transformative
change, but the respective initiatives differ in their understanding of the innovation process including
the perception of relevant actors, activities and modes of innovation. Focusing on singular
technological breakthroughs, Mission Innovation represents a narrow understanding of the innovation
process that sits rather comfortably with conventional innovation policy, while the Global Covenant of
Mayors for Climate and Energy with its more radical aims of reconfiguring urban systems represents a
broader understanding of the innovation process that challenges conventional innovation policy.

Drawing on the policy paradigm framework, the authors try to make sense of this diversity. Seeing that
the transformative innovation policy paradigm is only in the early stages of emergence it arguably has
not yet institutionalised around a set of core ideas and concepts, which in turn makes space for diverse
expressions. Diercks et al. (2019) anticipate that the coming years will see a political contest between
these diverse paradigmatic expressions before we arrive at a more set understanding of what the
transformative innovation policy paradigm entails.

The work by Diercks and colleagues suggests that the transformative effect of transformative
innovation policy is not given. Similar conclusions are made by Grillitsch et al. (2019) that set out to
generate theoretical and empirical insights by looking at the design and implementation of
transformative innovation policies. Grillitsch et al. (2019) analyse two Swedish strategic innovation
programmes, which are identified as examples of transformative innovation policy because they
explicitly target system-wide transformation and address grand challenges through the coordination
of diverse actors, networks and institutions.

The authors find that the design and implementation of the Swedish strategic innovation programmes
struggle with some of the same key challenges that transformative innovation policy sets out to
address in the first place. For example, conflicting interests between stakeholders in the programmes
are not actively dealt with. As a result, the programmes are not steered by a collectively deliberated
and well-aligned vision, but rather by a broad programme encompassing various competing agendas.
This is an issue because it inhibits the strategic innovation programmes from providing clear objectives
and directionality, which are otherwise considered key characteristics of transformative innovation
policies. Another example relates to the programmes’ intention to promote policy learning and
coordination through the involvement of diverse actors. Although the programmes by design involve
a broad range of stakeholders, challenges remain in terms of overcoming ‘institutional mismatch’
between actor communities such as academia and industry. The involvement of industry actors is low
during implementation, which in turn weakens the programmes’ abilities to promote policy learning
and coordination.

While the transformative innovation narrative is attractive in policy, the research looking into
transformative policy design and implementation shows that the emerging innovation policy’s actual
potential for change and its transformative effect is not yet determined and certainly not easily
achieved.

5 Concluding discussion

Our account in sections 2 to 4 opens up for a more detailed discussion of the development over time
of innovation policy. Rather than seeing transformative innovation policy as something that only
recently materialized, one can find transformative elements in innovation policy back in time. Thus,
the emphasis on innovation as a means for supporting substantial changes in society leading to social
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progress or greater environmental sustainability is not a recent phenomenon. Rather than discussing
entirely different frames of innovation policy, one can observe a gradual change over time where
research on innovation policy becomes increasingly centered on the possibilities for innovation policy
to deliver transformative change. This does not imply that this perspective was absent until very
recently, however, it takes the central position in transformative innovation policy. Furthermore, the
attention of transformative innovation policy to deliberately destabilizing unsustainable regimes also
marks a significant change relative to previous understandings of innovation policy.

However, considering these changes, one may find it quite surprising that work on implementing
transformative innovation policies has not progressed to a greater extent. While literature on
transformative innovation policy has elaborated considerably on the inability of policy instruments
with a foundation in traditional STI or innovation systems understandings to deliver transformative
change, it has proven more difficult to give details on how transformative innovation policy
instruments should be designed. This is not to argue that no progress has been made (see for example
Kivimaa and Kern, 2016, Weber and Rohracher, 2012, Grillitsch and Hansen, 2019). However, the
analyses of transformative innovation policy instruments (Diercks et al., 2019, Grillitsch et al., 2019)
described in section 4.2 underline that even frontrunner countries and alliances are challenged in
designing and implementing policy instruments delivering transformative change.

One aspect that sets innovation system policy apart from mission-oriented innovation policy such as
the Manhattan or Apollo projects, and recent transformative innovation policy targeting system wide
changes in production and consumption patterns is the lack of “grandeur”. Innovation system policy
provided a framework for supporting both radical and incremental innovations, responding to the
opportunities and addressing the challenges in each context. In that sense, it provided clear
recommendations for different types of regions and countries, considering the variegated
preconditions they possess. The lack of “grandeur” makes the innovation system approach accessible
for all places to make the best out of the respective preconditions. In this vein, Grillitsch and Hansen
(2019) discuss the opportunities and barriers, and resulting policy recommendation for green industry
development in different types of regions. However, this way of thinking may also work against a
transformative innovation policy, in particular if incremental innovations are seen as cementing
existing, unsustainable development paths.

Furthermore, the embedding of transformative innovation policy in a capitalist system might need
further reflection. Taken all unintended consequences of capitalism aside for a moment, it has proven
to be a powerful force of disruptive creation where actors seek new profitable opportunities and take
risks to realize them. Maybe, this force is not utilized to the highest possible extent for dealing with
grand societal challenges? For instance, by changing incentive structures and creating demand for new
products and solutions that contribute to the desired development outcomes, it may be possible to
initiate bottom-up experimentation without the need of complex coordination of multiple
stakeholders, which is encouraged in many of the current transformative innovation policies. In other
words, while experimentation is at the core of transformative innovation policies, such policies may
underestimate the degree of (potentially ill-directed) experimentation that exists in modern capitalist
societies.

A difference between STI policies, resting on a linear model of innovation, and innovation systems
policy and transformative innovation policy, both resting on an interactive model of innovation, is the
role of agency. According to STI, the role of agency is relatively clear and positive. Scientific discoveries
and thereby scientists are the key agents of change fueling the innovation process. Innovation systems
and transformative innovation policy remain rather silent about the role of agency. Structural elements
and global forces are the key explanations for innovation, and the unfortunate situation we are in with
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grand challenges threatening our societies. Human agency manifests mainly as the unintended
consequences of the actions of generations leading to powerful lock-ins that transformative innovation
policy is trying to combat. The problem with this lack of theorizing and insights on agency are profound
because structures are not changing by themselves. It needs agency to change structures and achieve
transformative change.

Based on this concluding discussion, we propose three avenues for future research. First, research on
transformative innovation policy still has some way to go in providing policymakers with a clear
understanding of the types of (mixes of) policy instruments and processes they need to put in place.
This also includes an improved understanding of the balance between ‘creation’ and ‘destruction’
instruments in policy mixes, and how this might differ between transitions depending on the
characteristics and challenges of transition processes.

Second, some insights on change agency are developing now, partially related to the innovation system
approach and partially to transformative change (Grillitsch and Sotarauta, 2019, Isaksen et al., 2019,
Dawley, 2014, Simmie, 2012, MacKinnon et al., 2019, Jolly et al.,, 2020, Sjgtun and Njgs, 2019).
However, it remains unclear what role agency plays in the transformation process and how it may be
mobilized through policy.

Finally, we note that while innovations systems research has for decades enjoyed fruitful cross-
fertilization with the field of economic geography, there is still a significant lack of geographical
sensitivity in transformative innovation policy. To exemplify, there are very few insights on
opportunities for transformative innovation policies at the regional scale (Capasso et al., 2019) and a
very limited understanding of how transformative innovation policy can and should take different
forms in different geographical contexts (Grillitsch et al., 2019). Thus, in these respects, transformative
innovation policy remains considerably under-developed compared to innovation systems policy.

14



References

ARNTZEN, S., WILCOX, Z., LEE, N., HADFIELD, C. & RAE, J. 2019. Testing Innovation in the Real World.
London: NESTA.

ASHEIM, B., GRILLITSCH, M. & TRIPPL, M. 2015. Regional Innovation Systems: Past — Presence — Future.
Papers in Innovation Studies [Online].

ASHEIM, B. & ISAKSEN, A. 2002. Regional Innovation Systems: The Integration of Local 'Sticky' and
Global 'Ubiquitous' Knowledge. Journal of Technology Transfer, 27, 77-86.

ASHEIM, B. T. & ISAKSEN, A. 1997. Location, agglomeration and innovation: Towards regional
innovation systems in Norway? European Planning Studies, 5, 299-330.

AUTIO, E. 1998. Evaluation of RTD in regional systems of innovation. European Planning Studies, 6,
131-140.

BORRAS, S. & EDQUIST, C. 2013. The choice of innovation policy instruments. Technological
Forecasting and Social Change, 80, 1513-1522.

BRESCHI, S. & MALERBA, F. 1997. Sectoral innovation systems: technological regimes, Schumpeterian
dynamics, and spatial boundaries. In: EDQUIST, C. (ed.) Systems of Innovation: Technologies,
Institutions and Organizations. London and New York: Routledge.

BUGGE, M. M., BOLWIG, S., HANSEN, T. & TANNER, A. 2019. Theoretical perspectives on innovation
for waste valorisation in the bioeconomy. In: KLITKOU, A., FEVOLDEN, A. & CAPASSO, M. (eds.)
From Waste to Value — Valorisation Pathways for Organic Waste Streams in Circular
Bioeconomies. Abingdon: Routledge.

BUSH, V. 1945. Science: The Endless Frontier, Washington, United States Government Printing Office.

CAPASSO, M., HANSEN, T., HEIBERG, J., KLITKOU, A. & STEEN, M. 2019. Green growth — A synthesis of
scientific findings. Technological Forecasting and Social Change, 146, 390-402.

CARLSSON, B. & STANKIEWICZ, R. 1991. On the nature, function and composition of technological
systems. Journal of Evolutionary Economics, 1, 93-118.

COENEN, L., HANSEN, T. & REKERS, J. V. 2015a. Innovation Policy for Grand Challenges. An Economic
Geography Perspective. Geography Compass, 9, 483-496.

COENEN, L., MOODYSSON, J. & MARTIN, H. 2015b. Path Renewal in Old Industrial Regions: Possibilities
and Limitations for Regional Innovation Policy. Regional Studies, 49, 850-865.

COOKE, P. 1992. Regional innovation systems: Competitive regulation in the new Europe. Geoforum,
23, 365-382.

COOKE, P. 1998. Introduction. Origins of the concept. In: BRACZYK, H.-J., COOKE, P. & HEIDENREICH,
M. (eds.) Regional Innovation Systems: The Role of Governances in a Globalized World. London:
UCL Press.

COOKE, P. 2004. Integrating global knowledge flows for generative growth in Scotland: Life sciences as
a knowledge economy exemplar. In: POTTER, J. (ed.) Global Knowledge Flows and Economic
Development. Paris.

DAVID, M. 2017. Moving beyond the heuristic of creative destruction: Targeting exnovation with policy
mixes for energy transitions. Energy Research & Social Science, 33, 138-146.

DAWLEY, S. 2014. Creating New Paths? Offshore Wind, Policy Activism, and Peripheral Region
Development. Economic Geography, 90, 91-112.

DIERCKS, G., LARSEN, H. & STEWARD, F. 2019. Transformative innovation policy: Addressing variety in
an emerging policy paradigm. Research Policy, 48, 880-894.

EDQUIST, C. (ed.) 1997. Systems of innovation: technologies, institutions, and organizations, London:
Printer Publishers/Castell Academic.

EUROPEAN COMMISSION 2008. A more research-intensive and integrated European Research Area.
Brussels: European Commission.

FREEMAN, C. 1995. The ‘National System of Innovation’ in historical perspective. Cambridge Journal of
Economics, 19, 5-24.

GIULIANI, E. 2018. Regulating global capitalism amid rampant corporate wrongdoing—Reply to “Three
frames for innovation policy”. Research Policy, 47, 1577-1582.

15



GODIN, B. 2016. Technological innovation: on the origins and development of an inclusive concept.
Technology and Culture, 57, 527-556.

GODIN, B. 2017. Models of Innovation: The History of an Idea, Cambridge, MA, The MIT Press.

GRABHER, G. 1993. The weakness of strong ties; the lock-in of regional development in the Ruhr area.
In: GRABHER, G. (ed.) The Embedded Firm: On the Socioeconomics of Industrial Networks.
London & New York: Routledge.

GRILLITSCH, M. & ASHEIM, B. 2018. Place-based innovation policy for industrial diversification in
regions. European Planning Studies, 26, 1638-1662.

GRILLITSCH, M., ASHEIM, B. T. & TRIPPL, M. 2018. Unrelated knowledge combinations: the unexplored
potential for regional industrial path development. Cambridge Journal of Regions, Economy
and Society, 11, 257-274.

GRILLITSCH, M. & HANSEN, T. 2019. Green industry development in different types of regions.
European Planning Studies, 27, 2163-2183.

GRILLITSCH, M., HANSEN, T., COENEN, L., MIORNER, J. & MOODYSSON, J. 2019. Innovation policy for
system wide transformation: The case of Strategic Innovation Programs (SIPs) in Sweden.
Research Policy, 48, 1048-1061.

GRILLITSCH, M. & SOTARAUTA, M. 2019. Trinity of change agency, regional development paths and
opportunity spaces. Progress in Human Geography, 1-20.

GRILLITSCH, M. & TRIPPL, M. 2018. Innovation Policies and New Regional Growth Paths: A Place-Based
System Failure Framework. In: NIOSI, J. (ed.) Innovation Systems, Policy and Management.
Cambridge: Cambridge University Press.

HALL, P. A. & SOSKICE, D. W. 2001. Varieties of capitalism: The institutional foundations of comparative
advantage, Wiley Online Library.

HANSEN, T. & WINTHER, L. 2011. Innovation, regional development and relations between high- and
low-tech industries. European Urban and Regional Studies, 18, 321-339.

HANSEN, T., WINTHER, L. & HANSEN, R. F. 2014. Human Capital in Low-Tech Manufacturing: the
Geography of the Knowledge Economy in Denmark. European Planning Studies, 22,1693-1710.

HASSINK, R. 2005. How to unlock regional economies from path dependency? From learning region to
learning cluster. European Planning Studies, 13, 521-535.

HASSINK, R., ISAKSEN, A. & TRIPPL, M. 2019. Towards a comprehensive understanding of new regional
industrial path development. Regional Studies, 53, 1636-1645.

HEKKERT, M. P., SUURS, R. A. A., NEGRO, S. O., KUHLMANN, S. & SMITS, R. E. H. M. 2007. Functions of
innovation systems: A new approach for analysing technological change. Technological
Forecasting and Social Change, 74, 413-432.

HOLLAND, M. 1928. Research, science, and invention. In: WILE, F. W. (ed.) A Century of Industrial
Progress. New York: Doubleday, Dran.

HOLLAND, M. 1931. Industrial Science - A Gilt Edge Security. Science, 74, 279-282.

ISAKSEN, A. 2001. Building Regional Innovation Systems: Is Endogenous Industrial Development
Possible in the Global Economy? Canadian Jounal of Regional Science, 14, 101-120.

ISAKSEN, A., JAKOBSEN, S.-E., NJ@S, R. & NORMANN, R. 2019. Regional industrial restructuring
resulting from individual and system agency. Innovation: The European Journal of Social
Science Research, 32, 48-65.

ISAKSEN, A. & TRIPPL, M. 2016. Path Development in Different Regional Innovation Systems. In:
PARRILLI, M., FITJIAR, R. & RODRIGUEZ-POSE, A. (eds.) Innovation Drivers and Regional
Innovation Strategies. New York and London: Routledge.

JOLLY, S., GRILLITSCH, M. & HANSEN, T. 2020. Agency and actors in regional industrial path
development. A framework and longitudinal analysis. Geoforum, 111, 176-188.

KIVIMAA, P. & KERN, F. 2016. Creative destruction or mere niche support? Innovation policy mixes for
sustainability transitions. Research Policy, 45, 205-217.

KLINE, S. J. 1985. Innovation Is Not a Linear Process. Research Management, 28, 36-45.

16



KLINE, S. J. & ROSENBERG, N. 1986. An overview of innovation. /In: LANDAU, R. & ROSENBERG, N. (eds.)
The positive sum strategy: Harnessing technology for economic growth. Washington D.C.:
National Academy Press.

KUHLMANN, S. & RIP, A. 2018. Next-Generation Innovation Policy and Grand Challenges. Science and
Public Policy, 45, 448-454.

LARANJA, M., UYARRA, E. & FLANAGAN, K. 2008. Policies for science, technology and innovation:
Translating rationales into regional policies in a multi-level setting. Research Policy, 37, 823-
835.

LUNDVALL, B.-A. 1992. National systems of innovation : towards a theory of innovation and interactive
learning, London, Pinter.

LUNDVALL, B.-A. & BORRAS, S. 2005. Science, Technology, and Innovation Policy. /In: FAGERBERG, J.,
MOWERY, D. C. & NELSON, R. R. (eds.) The Oxford Handbook of Innovation. Oxford: Oxford
University Press.

MACKINNON, D., DAWLEY, S., PIKE, A. & CUMBERS, A. 2019. Rethinking Path Creation: A Geographical
Political Economy Approach. Economic Geography, 95, 113-135.

MACLAURIN, W. R. 1947. Federal support for scientific research. Harvard Business Review, 25, 385-
396.

MACLAURIN, W. R. 1954. Technological progress in some American industries. The American Economic
Review, 44, 178-189.

MALERBA, F. 2002. Sectoral systems of innovation and production. Research Policy, 31, 247-264.

MARKARD, J., RAVEN, R. & TRUFFER, B. 2012. Sustainability transitions: An emerging field of research
and its prospects. Research Policy, 41, 955-967.

MARTIN, R. & SUNLEY, P. 2006. Path dependence and regional economic evolution. Journal of
Economic Geography, 6, 395-437.

MORGAN, K. 2018. "Experimental governance and territorial development". Background paper for an
OECD/EC Workshop on 14 December 2018 within the workshop series “Broadening
innovation policy: New insights for regions and cities”. Paris: OECD.

MOWERY, D. C. 1983. Economic theory and government technology policy. Policy Sciences, 16, 27-43.

MOWERY, D. C., NELSON, R. R. & MARTIN, B. R. 2010. Technology policy and global warming: Why new
policy models are needed (or why putting new wine in old bottles won’t work). Research Policy,
39,1011-1023.

MYERS, C. A. & MACLAURIN, W. R. 1942. After Unemployment Benefits are Exhausted. The Quarterly
Journal of Economics, 56, 231-255.

NELSON, R. R. (ed.) 1993. National Innovation Systems: A Comparative Analysis, New York: Oxford
University Press.

OECD 1963. The Measurement of Scientific and Technical Activities: Proposed Standard Practice for
Surveys of Research and Development. Paris: OECD.

OECD 2015. System Innovation: Synthesis Report. Paris: OECD.

ROGGE, K. S. & JOHNSTONE, P. 2017. Exploring the role of phase-out policies for low-carbon energy
transitions: The case of the German Energiewende. Energy Research & Social Science, 33, 128-
137.

SCHOT, J. & STEINMUELLER, W. E. 2018. Three frames for innovation policy: R&D, systems of
innovation and transformative change. Research Policy, 47, 1554-1567.

SCHUMPETER, J. A. 1911. Theorie der wirtschaftlichen Entwicklung, Leipzig, Duncker & Humbolt.

SENGERS, F., WIECZOREK, A. J. & RAVEN, R. 2019. Experimenting for sustainability transitions: A
systematic literature review. Technological Forecasting and Social Change, 145, 153-164.

SHANE, S. & VENKATARAMAN, S. 2000. The Promise of Entrepreneurship as a Field of Research. The
Academy of Management Review, 25, 217-226.

SIMMIE, J. 2012. Path Dependence and New Technological Path Creation in the Danish Wind Power
Industry. European Planning Studies, 20, 753-772.

SIATUN, S. G. & NJ@S, R. 2019. Green reorientation of clusters and the role of policy: ‘the normative’
and ‘the neutral’ route. European Planning Studies, 27, 2411-2430.

17



SOETE, L. L. 2013. Is innovation always good? In: FAGERBERG, J., MARTIN, B. R. & ANDERSEN, E. S.
(eds.) Innovation Studies Evolution & Future Challenges. Oxford: Oxford University Press.

STIRLING, A. 2008. “Opening Up” and “Closing Down”: Power, Participation, and Pluralism in the Social
Appraisal of Technology. Science, Technology, & Human Values, 33, 262-294.

TURNHEIM, B. & GEELS, F. W. 2012. Regime destabilisation as the flipside of energy transitions: Lessons
from the history of the British coal industry (1913—1997). Energy Policy, 50, 35-49.

TODTLING, F. & SEDLACEK, S. 1997. Regional economic transformation and the innovation system of
Styria. European Planning Studies, 5, 43-63.

TODTLING, F. & TRIPPL, M. 2004. Like Phoenix from the Ashes? The Renewal of Clusters in Old Industrial
Areas. Urban Studies, 41, 1175-1195.

TODTLING, F. & TRIPPL, M. 2005. One size fits all? Towards a differentiated regional innovation policy
approach. Research Policy, 34, 1203-1219.

UYARRA, E., FLANAGAN, K., MAGRO, E., WILSON, J. R. & SOTARAUTA, M. 2017. Understanding regional
innovation policy dynamics: Actors, agency and learning. Environment and Planning C: Politics
and Space, 35, 559-568.

WEBER, K. M. & ROHRACHER, H. 2012. Legitimizing research, technology and innovation policies for
transformative change: Combining insights from innovation systems and multi-level
perspective in a comprehensive ‘failures’ framework. Research Policy, 41, 1037-1047.

VITOLS, S. 2001. Varieties of corporate governance: Comparing Germany and the UK. In: HALL, P. A. &
SOSKICE, D. (eds.) Varieties of capitalism : the institutional foundations of comparative
advantage. Oxford ; New York: Oxford University Press.

WOOLTHUIS, R. K., LANKHUIZEN, M. & GILSING, V. 2005. A system failure framework for innovation
policy design. Technovation, 25, 609-619.

18



