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1 Track 1: The Content, Context and Future of STI-Policy: Towards
a new Framing?

Track 1 was organized by Laur Kanger and Chux Daniels, both from SPRU (Science Policy Re-
search Unit), University of Sussex, and included four Sessions.

The world is in transition. Many interlocking environmental, technological, economic, political and cul-
tural trends such as resource depletion, population growth, industrialization, urbanization, inequality
or individualization are creating collective challenges (United Nations, 2015) that exceed the ability of
any single country, body of governance or scientific discipline to manage them. Our innovation en-
gine is faltering with the fruits of creative destruction increasingly morphing into destructive creation
(Soete, 2013). It is amply clear that traditional Science, Technology and Innovation (STI) policy has
not delivered on these challenges nor are there good reasons to expect that it would do so in the fu-
ture. Socio-technical systems need to be significantly reconfigured and STI policies re-invented to
rise to the grand challenges. What is needed is not just the improvement of existing STI policy but
adding a whole new set of rationales and instruments which would amount to a truly transformative
innovation policy.

This diagnosis and respective solutions have recently begun to be articulated under many different
labels, for example, Responsible Research and Innovation (Stilgoe et al., 2013), inclusive innovation
(Agola and Hunter, 2016), social innovation (Joly, 2016) or the goverance of sustainability transitions
(Grin et al., 2010). While differing in many aspects the basic themes of these approaches seem to be
recurrent: attention to alternative futures and the co-production of science, technology and society,
emphasis on the non-neutral nature of technology, focus on disruptive socio-technical systems
change in addressing societal and environmental challenges, stress on the transformative potential
of civil society and attentiveness to the needs and wants of users and non-users alike. This has led
to a suggestion that we might be witnessing the emergence of a new framing of STI policy (Weber
and Rohracher, 2012; Schot and Steinmueller, 2016), one markedly different from traditional ap-
proaches to STI policy-making that have focused on boosting R&D, promoting entrepreneurship or
building innovation systems. The research session is therefore devoted to the exploration the con-
text, content and future of transformative innovation policies.

More specifically, the papers in the session are called to reflect on the following questions:

+ What are the implications of changing societal and global context for STI policy? How might
broader social and environmental changes facilitate or hinder the potential renewal of STI policy
towards transformative change?

* How has STI policy reacted to these changes until now and how are STI policies likely to re-
act/adapt in the future? Which transformative policies and governance arrangements would be
useful for addressing the world in transition?

We are interested in theoretical as well as empirical papers: however, all papers should contribute to
the debate on how STI policy for transformative change could be articulated and evaluated. The pos-
sible topics include (but are not limited to) the following:

+ The possible impact of major long-term landscape changes (e.g. the crisis of neoliberalism, the
increasing financialization of world economy) or short-term shocks (e.g. financial crisis, Brexit) on
STI policy, including its transformative potential

* Innovative approaches that do not only aim to reduce inputs or overall consumption but try to re-
configure the relations between consumers, investors and/or markets (e.g. Freecycle, benefit
corporations)

« Stimulating and managing conflict in implementing policies directed towards the achievement of
disruptive socio-technical systems change



»  Ways of challenging environmentally harmful industrial sectors and socio-technical systems
while addressing the possibly accompanying adverse impacts on local economies (e.g. unem-
ployment, decreased energy security, skill mismatch etc.)

» Building multi-level policy mixes (supporting niches, destabilizing regimes, tilting the international
playing field), balancing new policy mixes with existing policies

* The challenges and possible futures of STI policy in the context of permanent slow-growth econ-
omy or the slowdown in technological progress (Gordon, 2016)?

Empirical research can include individual in-depth case studies, comparative case studies or broader
survey-based approaches. We are looking for research at the international, national, regional and
local level, and contributions from outside Europe too. The expected outcome of the sessions within
this theme is a better articulated overview and analysis of the current situation as outlined above and
suggestions for STI policies of the future.
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1.1 Session 1.1
1.1.1 Enacting Transformative Innovation Policy: A Comparative Study
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The world is in transition. Many interlocking environmental, technological, economic, political and cul-
tural trends such as resource depletion, population growth, industrialization, urbanization, inequality
or individualization are creating collective challenges (United Nations, 2015) that exceed the ability of
any single country, body of governance or scientific discipline to manage them. Our innovation en-
gine is faltering with the fruits of creative destruction increasingly morphing into destructive creation
(Soete, 2013). It is amply clear that traditional STI policy has not delivered on these challenges nor
are there good reasons to expect that it would do so in the future. Socio-technical systems need to
be significantly reconfigured and STI policies re-invented to rise to the grand challenges. What is
needed is not just the improvement of existing STI policy but adding a whole new set of rationales
and instruments which would amount to a truly transformative innovation policy.

This diagnosis and respective solutions have recently begun to be articulated under many different
labels, for example, Responsible Research and Innovation (Stilgoe et al., 2013), inclusive innovation
(Agola and Hunter, 2016), social innovation (Joly, 2016) or the governance of sustainability transi-
tions (Grin et al., 2010). While differing in many aspects the basic themes of these approaches seem
to be recurrent: attention to alternative futures and the co-production of science, technology and soci-
ety, emphasis on the non-neutral nature of technology, focus on disruptive socio-technical systems
change in addressing societal and environmental challenges, stress on the transformative potential
of civil society and attentiveness to the needs and wants of users and non-users alike. This has led
to a suggestion that we might be witnessing the emergence of a new framing of STI policy (Weber
and Rohracher, 2012; Schot and Steinmueller, 2016), one markedly different from traditional ap-
proaches to STI policy-making that have focused on boosting R&D, promoting entrepreneurship or
building innovation systems.

While necessary, this shift in focus is also most challenging requiring new skills, new ways of partici-
pation, new capability-building, new ways of monitoring, new ways of assessing progress, new ways



of managing conflict between stakeholders and so forth. It is therefore informative to conduct an ex-
ploratory study on the enactment of transformative innovation policy initiatives. Therefore, the paper
focuses on the following research questions:

1. How has the challenge of transformative innovation policy been interpreted in different coun-
tries? What kind of initiatives have been undertaken as a response?

2. What are the main opportunities for enacting transformative innovation policy? What are the
main barriers?

3.  How does the broader national and international context facilitate or hinder specific transforma-
tive innovation policy initiatives?

The empirical part of the research is based on case studies of transformative innovation policy initia-
tives in five different countries, each representing a member of the Transformative Innovation Policy
Consortium — Norway, Colombia, South Africa, Sweden and Finland. Cases are selected according
to the following principles: 1) directionality: focus on alternative futures associated with technological
design choices; 2) goal: focus on grand environmental and/or social challenges; 3) impact: focus on
socio-technical systems and system-level issues; 4) degree of learning and reflexivity: focus on sec-
ond-order learning, problematization of operating routines of different actors and the creation of
spaces for experimentation; 5) conflict: focus on disruptive change, possibly resulting in major disa-
greements between actors; 6) inclusiveness: focus on initiatives with a broad base of participation,
including the consideration of non-users as potentially affected parties. The data is collected through
semi-structured interviews, innovation history workshops and the analysis of policy documents. We
present a comparison of different factors facilitating or hindering the evolution of transformative inno-
vation policy initiatives, including the role of wider context (country-level and international develop-
ments) in shaping these dynamics.
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1.1.2 Transformative Research and Innovation Policy — Towards a Meta-Gov-
ernance Frame

Stefan Kuhimann
University of Twente
Netherlands
s.kuhimann@utwente.nl

Jakob Edler
University of Manchester
United Kingdom
Jakob.Edler@manchester.ac.uk

Ralf Lindner
Fraunhofer Institute for Systems and Innovation Research
Germany
Ralf.Lindner@isi.fraunhofer.de

Gonzalo Ordonez
University of Twente
Netherlands
h.g.ordonezmatamoros@utwente.nl

Sally Randles
University of Manchester
United Kingdom
Sally.Randles@manchester.ac.uk

Bart Walhout
University of Twente
Netherlands
a.m.walhout@utwente.nl

Keywords: Transformative innovation policy, Responsible research and innovation, Meta-govern-
ance, Meso-level

The paper will develop a meta-governance framework facilitating transformative policy-making, with
a particular focus on the meso-level of research and innovation systems (RIS). In our concept “gov-
ernance” includes all related actors, their resources, interests and power, fora for debate and arenas
for negotiation between actors, rules of the game, and policy instruments applied helping to achieve
legitimate agreements (Kuhimann 2001; Benz 2006). “Meta-governance” is about “organising the
conditions of governance” (Jessop 2002, 242).

Why is this perspective relevant? The contexts and conditions for RIS are changing, placing more,
new and multiple kinds of pressures, demands and requirements on science, technology and innova-
tion (STI). These demands can be understood as increased legitimacy pressures on STl actors and
RIS (e.g. Schot & Steinmueller 2016; Mulgan 2017). Since about 15 years STI policies have become
geared towards addressing objectives reaching beyond an immediate economic focus on growth and
competitiveness (Lindner et al. 2016). This "normative turn" is expressed in the strategic reorienta-
tion of national and supranational STI policies to address the “Grand Societal Challenges” such as
health, demographic change, wellbeing and sustainability (Foray et al. 2012; Kallerud et al. 2013;
Kuhlmann & Rip 2014). Well known examples for this ongoing paradigm shift are the European Un-
ion's Europe 2020 strategy, the US Strategy for American Innovation or Germany's Hightech Strat-
egy. This is complemented and propelled forward by the recent discourse on “responsibility” in re-
search and innovation.

Against this background the paper will address the following questions:



+ What is needed to establish, ensure or regain legitimacy for STI policy? Can legitimacy be con-
structed pro-actively (c.f. Suchman 1995)? How and towards which ends do RIS and their meta-
governance have to be transformed to achieve this?

*  Which meta-governance frame (at the meso-level) can help to address the transformations
called for, and eventually contribute to establishing legitimacy of STI?

The paper does not intend to deliver a “grand concept” to transform RIS, covering all levels and sys-
tems dimensions. Rather, the focus is on transformation of organisations and institutions at the
meso-level (such as funding organisations; ministries; boards of universities and of companies; civil
society organisations). This level is often forgotten, as analysis and prescription either target “the
system”, policy or individuals, and if they target the meso-level, it is often very specificly tailored to-
wards a certain category. However, our premise is that while there is a variety of different organisa-
tions in RIS, there are core structures and processes influencing responsiveness to external de-
mands across all of them that need to be understood and addressed. Successful changes at the
meso-level have a potential to contribute, in a legitimate way, to system-wide transformations.

A recent prominent attempt to (re-)establish legitimacy and provide normative orientation for STI pol-
icy and RIS is the above mentioned quest for “Responsible Research and Innovation (RRI)” (e.g. von
Schomberg 2013). In essence, “RRI” aims at improving the alignment of the impacts of technology
and innovation with societal demands and values as far as possible. The concept is inherently char-
acterised by a high degree of normativity in order to provide necessary guidance as to what consti-
tutes desired or “responsible” research and innovation (Randles et al. 2014; Lindner and Kuhimann
2016). The prominent position of “RRI” in the European Union's research and innovation programme
Horizon 2020 and the endorsement of the "Rome Declaration on RRI in Europe" by the European
Council in 2014 indicate that “RRI” has been used as a legitimacy resource for policy, research fund-
ing and scientific communities. The quest for “RRI” can be interpreted as one of the current re-
sponses to the challenges raised by the broader changes and dynamics conditioning and structuring
STI. The related “RRI discourse” is an attempt to question, revise and strategically re-stabilise the
legitimacy of public investments in STI policies.

But such claims to increase the “responsibility” and “responsiveness” in RIS should not be equalled
with a meta-governance frame. Therefore, in contrast to attempts to define what “RRI” should mean
in substance (e.g. Stilgoe et al. 2013), in our paper we apply a genuine governance perspective. The
intended meta-governance framework facilitating transformative, responsive and legitimate policy-
making in RIS will have to cope with two basic challenges:

+  “Responsibility” has always been subject to changing value choices (Arnaldi & Gorgoni 2017).
Also the recent claim for “RRI” is an inherently normative concept. The concrete realization of
these normative claims will be contested in the context of pluralistic societies. Instead of down-
playing these tensions and potential conflicts, we acknowledge the need to identify conditions
and viable mechanisms that facilitate the capacities and capabilities of relevant actors to engage
in constructive and productive negotiations.

* Any effective governance approach needs to take into account the manifold, multi-layered in-
cumbent governance arrangements in RIS and STI policy, and draw on them constructively.

These various, often well-established arrangements and mechanisms, as well as normative priorities
of actors, represent what we consider as “RRI in the making” or the de facto governance (Rip 2010)
of evolving “divisions of moral labour” (Rip 2017) between actors.

Consequently the paper builds on a research approach aiming to learn from “RRI in the making”, un-
derstood as a historically unfolding process, co-evolving with understandings of what it means to be
responsible in any particular context. Here we are interested in those practices in which the partici-
pating actors work towards legitimate normative objectives and outcomes.

In order to identify “building blocks” for a meta-governance framework and given the heterogeneity
and complexity of present research and innovation governance landscapes, a case study approach



was chosen to study “RRI in the making”, aiming to generate deep insights into established arrange-
ments, mechanisms and practices of governance across a range of different research and innovation
situations and contexts. Consequently, an explorative rather than a representative approach was ap-
plied to select and conduct 26 very diverse empirical cases (Randles et al. 2016). A tailored model
was developed to guide the empirical research (Walhout et al. 2016). The case study programme
was be complemented by a continuous monitoring process of “RRI” trends and developments in 16
European countries (Mejlgaard & Griessler 2016). The empirical material was analysed in a 3-stage
deductive-inductive research process, and we identified 13 transversal lessons for the governance of
RRI, along procedural and substantive dimensions (Randles et al. 2016).

Against this background we developed in an abductive manner the rationale and ambitions of a
meta-governance framework (“Responsibility Navigator”, Kuhimann et al. 2015). This orientating
framework is meant to facilitate responsibility-related debates, strategic reflection and decision-mak-
ing processes in meso-level RIS organisations. The framework builds on ten principles organised
along the three dimensions of (1) Ensuring Quality of Interaction, (2) Positioning and Orchestration,
and (3) Developing Supportive Environments. We claim a high degree of robustness of the sug-
gested principles given a strong empirical foundation plus the fine-tuning and testing in an elaborated
“co-construction process” with key meso-level stakeholders from RIS in Europe and beyond (Bryn-
dum et al. 2016).
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This paper will be a draft of the concluding chapter in a book entitled “Holistic Innovation Policy: The-
oretical Foundations, Policy Problems and Instrument Choices” to be published by Oxford University
Press in late 2017.

Many governments (national, regional and local) have developed innovation policies aiming at pro-
moting and fostering innovation in their economies and societies. However, the rich literature on in-
novation studies still lacks a well-defined and encompassing theoretical basis for public policy. Such
a basis is necessary in order to provide a solid conceptual framework for identifying policy problems
in the innovation system and designing policy intervention. Furthermore, it is necessary in order to
provide specific guidance for the design and re-design of innovation policies. Such designs should be
based on holistic (or systemic) problem-solving choices of policy instruments.

Innovation policies are normally designed in a partial rather than in a holistic way, as they only focus
on few of the determinants of innovation system processes. There can be many different partial inno-
vation policies, but most often innovation policies are based on a linear view of the innovation pro-
cess, focusing strongly on the role of research — and therefore the policies themselves become lin-
ear. A linear innovation policy is a special case of partial innovation policies, and the most common
one. Those partial and linear innovation policies fall far behind current studies of innovation systems
and innovation processes.

The aim of this paper is to provide a theoretical and conceptual basis for the design of holistic inno-
vation policy. This serves several purposes. Firstly, it serves to characterize a set of 22 different
problems in innovation systems, which might require public policy intervention. This characterization
recognizes the complex nature of those problems which often cut across several areas and sectors
in the innovation system, and have important time and space-related dimensions.

Secondly, it allows a wider understanding of the strategic choices of policy instruments, which are
combined in particular and idiosyncratic policy mixes. The choice of instruments and mixes are typi-
cally associated to specific problems. But the instruments tend to change through time according to
many factors, namely, transformations in the formulation of goals and views about the nature of prob-
lems, the responsiveness of policy-makers and stakeholders to new opportunities, and the political
strategies towards different aspects of innovation.

Thirdly, by understanding that policy action is part and parcel of the innovation system, it serves to
identify a large series of possible unintended consequences of policy action itself, an issue which has
traditionally been explored in a few specific areas (e.g. public support of private R&D investments),
but is largely unexplored in other equally crucial problem of innovation policy activity (e.g. education
or innovative entrepreneurship).
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This paper proceeds as follows. Section 1 introduces the paper and states the purposes described
above. Section 2 introduces the theme by presenting in a very succinct manner a specific approach
on innovation system, based on ten activities or determinants of innovation processes. This ap-
proach is the authors’ theorizing effort about innovation systems and their dynamics, which is done in
the context of discovery and of a continuous development from previous theoretical work on innova-
tion. Section 3 discusses the differences between partial innovation policies and holistic innovation
policies, along the lines mentioned above. Section 4 defines what policy problems are, and defines
the two preconditions for innovation policy (additionality and the organizational capacity of public in-
tervention). This serves to indicate that not all issues related to innovation should automatically be
subject to public intervention, and that the capacity of public intervention is a key factor for the design
of innovation policy in order to be realistic and fine-tuned. There are two preconditions for innovation
policy intervention:

»  Private organizations must prove to be unwilling or unsuccessful to address bottlenecks and defi-
ciencies in the innovation system; a policy problem must exist;

+ The state (national, regional, local) and its public organizations must also have the ability and
organizational capacity to solve or mitigate the problem, as well as to learn from past experience.

Section 5 focuses on the ‘core model’ of our approach, namely the three elements for the design of
innovation policy. Those three elements are the specific identification of policy problems in a system,
the choice of policy instruments that governments typically use to mitigate them, and the identifica-
tion of the likely unintended consequences of policy intervention. By linking those three elements,
this approach aims at providing a holistic approach and problem-based account of innovation policy
design.

Section 6 substantiates this approach, reviewing the most significant 22 policy problems identified in
the different chapters of the book. This section summarizes as well the most relevant ‘families’ of pol-
icy instruments that governments traditionally deploy in view of addressing policy problems. And it
summarizes as well the typical unintended consequences that policy intervention tends to take.

The final section of the paper, section 7, concludes this paper by stating the main contributions of the
book. This book puts forward the theoretical foundations of a holistic innovation policy approach. In
so doing it addresses the “unfinished business” of the innovation system’s literature, which did not
provide specific and detailed theoretical foundations for holistic innovation policy design. Secondly,
the book considers policy instruments as part and parcel of the innovation system, which can be part
of the problems themselves. In so doing, it overcomes previous literature on innovation systems that
omitted or simply ignored the innovation policy instruments in place and their possible positive or
negative effects on performance. Last, but not least, the book has made an effort to cover different
types of innovation systems in terms of socio-economic development; and the diversity of policy
problems and policy instruments in the design of holistic innovation policies. The section concludes
with a plea: Policy problems as well as the choice of policy instruments should be based (and be part
and parcel) of the iteration between theory and empirical efforts.
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The world, it seems, is getting more complex and unpredictable. A confusing mix of positive and neg-
ative trends, constructive and destructive forces, attract — and distract - our attention every day. Yet
universal values as they are share by the UN Sustainable Development Goals sketch a direction for
policy making and for a better life for all. In the context of European STI policy making, the question
is: What will be Europe’s role in the world and can European STI-policy making make a difference?

Europe can show the way towards the SDGs, but cannot take the world there. And if the world di-
verges from the SDGs path, Europe needs to be strong to deal with the consequences. Europe's
strength depends on the EU, on its ability to coordinate and lead the countries and peoples of Eu-
rope, on its shaping appropriate framework conditions for research and innovation, and on its levels
and forms and priorities associated with its investment in research and innovation.

Looking at the future, the junction of the SDGs with megatrends provides a framework for identifying
key transitions for the future, and challenges and opportunities associated with such transitions. Us-
ing this framework, our paper covers future scenarios (2030) from a European project on “Foresight
in Support of the Preparation of the European Union’s Future Policies in Research and Innovation”.

These scenarios are built around:

+ Governance (Global social, economic and political developments)
+ Social needs; (Heath and Security)
+ The Biosphere (energy and climate, environment and ecosystem resources and services)

» Drivers of change (towards a world of cities and accelerating innovation: ICT and tech conver-
gence)

In each of these areas, the paper sketches two scenarios: one strongly aligned with the SDGs, and
one in which the world moves away from the SDGs.

Looking at the transitions towards the SDGs the following general observations can be made:
* Inclusiveness and fairness are key principles of transition processes and key objectives of transi-

tions.

+ Coordinated action between European, national and regional level is essential



+ There are strong interconnections between the scenario areas.
» Governance is key for innovation and value creation.
» The city emerges as a key level of governance and social and economic organization.

+ Experimentation, rapid prototyping and testing solutions need to become an important part of
policy

The aim of developing these scenarios is to explore strategic options for Europe in a world where
there are major shifts in political and economic structures taking place at the global scale. The key
perspective underpinning the scenario approach is that the EU has the potential to magnify the im-
portance of its citizens and its Member States in the world scene, while, as economic globalization
advances, the global weight of the EU decreases’.

The EU will be a smaller part of the world economy, population, emissions and so on.

The scenarios cover a broad ground of important domains where major changes are either needed
or likely to happen. A central question arising from the different scenarios concerns the role of EU’s
STI policy in connection with the coming framework programmes. The ability to move onto a sustain-
able transition path requires Europe to be strong, go united and overcome fragmentation, and to re-
duce its social division and restore inclusive societies. These are the essential pre-conditions to fully
exploit the potential of fostered investment in research and innovation as the means for creating new
solutions to the world’s challenges; solutions that at the same time would be at the heart of Europe’s
economic, political and social success.

To enable the vision for a strong and resilient Europe to materialize, an overarching strategy for
change is needed; a strategy that addresses both wider socio-political dimensions as well as transi-
tions at the level of key systems. Such a strategy must combine a pace-making role in the promotion
of Sustainable Development Goals with leadership in selected fields of research and innovation.

Among the open questions still to be discussed are: What can be the role of a new EU STI policy?
What are the option for formulating a funding programme to become lead investor in research and
innovation? How can economic and social returns of this investment be harvested?

1 As President Juncker [Juncker (2016)] put it in his 2016 State of the Union Address "The facts are plain: The world is getting bigger. And we are

getting smaller. Today we Europeans make up 8% of the world population — we will only represent 5% in 2050".
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Overview

How can innovation policy mixes for sustainability transitions be compared between countries? This
paper introduces a conceptual framework, a set of appraisal criteria and a participatory expert-based
method for appraising country-level public policies for sustainability transitions. Our Sustainability
Transition and Innovation Reviews (STIR) framework combines a methodological approach inspired
by the Bertelsmann Transformation Index with existing theoretical frameworks on sustainability tran-
sitions, notably Technological Innovation Systems (TIS), Multi-Level Perspective (MLP) or Strategic
Niche Management (SNM). In doing so, it seeks to provide an enhanced framework for comparative
assessment of, and reflection on, the capacity of policy systems to enable and drive sustainability
transitions.

Theoretical and conceptual background

There are several existing indicator systems and evaluation frameworks that are used to examine the
performance of countries’ efforts to foster a greener economy. Examples include Yale’s ‘Environmen-
tal Performance Index’, the European Eco-Innovation Scoreboard, and the Global Green Growth In-
stitute’s ‘Global Green Economy Index’, and the OECD’s ‘Environmental policy stringency’ indicator
(Botta & Kozluk 2014). The approach presented in this paper differs from these efforts in both the
focus (which is specifically on policies enabling transformative change towards sustainability) but
more particularly in the process.

The framework presented here starts from the assumption that any attempt to provide a comparative
assessment of country performances should be responsive and open to the divergent contexts and
institutional capacities of the countries in question. Moreover, the uncertain and contested nature of
many potential policies for sustainability transitions demand a framework that is reflexive and open to
divergent perspectives, and that allows situated interpretation of relevant indicators. Unlike most
other scoreboard exercises, our approach is based on both quantitative indicators and qualitative ex-
pert commentary on a country’s performance. The choice of expert-based appraisal rests on the as-
sumption that available quantitative data require an informed and situated interpretation to arrive at a
useful appraisal of countries’ performance.



The appraisal framework draws on well-known approaches in analysing innovation systems (notably
TIS), research and innovation policy mix (policy consistency and coherence) as well as the sustaina-
bility transitions literature (MLP and SNM). The appraisal is broad in scope and ranges from analys-
ing agenda centrality of sustainability transitions in the public debate to asking questions on effective-
ness of policies in enabling and diffusing eco-innovations. The exercise also aims to take account of
the main phases of policy cycle, including agenda setting, policy design, strategy and decision mak-
ing, policy implementation, and policy evaluation.

The policy appraisal framework is structured around 12 criteria:

14

Agenda centrality - the relative position of issues related to innovation for sustainability in the
policy debate and policy agenda. The criterion draws on the role of stakeholder dialogue and en-
gagement in governance and deliberative democracy as well as the engagement of stakeholders
in the agenda in transition management.

Policy relevance - the assessment of the extent to which policy vision and objectives are con-
sistent and adequate for sustainability challenges. This criterion draws on the field of policy eval-
uation. Systemic relevance assesses whether and to what extent policy objectives respond to
sustainability challenges.

Directionality - the extent to which policy mix is oriented towards sustainability. While relevance
focuses on objectives and vision, directionality focuses on the entire policy mix and implementa-
tion of policies on the ground. It draws on both the economics literature and role of environmen-
tal prices and regulations. It is also influenced by ‘guidance of search’ concepts in TIS; also
draws on the relevance of directed technological change for environment from the economics
literature (Acemoglu et al 2012).

Environmental policy stringency - the extent to which policy protects environment by installing
and enforcing regulations that protect the environment from overexploitation. The criterion draws
on traditional environmental economics focus on regulatory-driven innovation (Ashford et al.
1985; Porter & van der Linde 1995)

Alignment - the extent to which public policy facilities alignment of change agents for the vision
of sustainability transition and transformative eco-innovation. The criterion draws on the MLP
emphasis on alignment. It also resonates with the transition management literature in recognis-
ing the importance of ‘guiding visions’.

Legitimisation - the extent to which policy choices on direction of transition pathways have
democratic and social mandate. This criterion draws on governance and deliberative democracy
literature as well as on the emphasis on legitimacy in TIS.

Demonstration - the extent to which policy creates strategic arenas for experimentation and
demonstration of transformative system innovation. This criterion resonates with the emphasis
on lead market formation, entrepreneurial experimentation as well as the notion of niches in
MLP.

Specialisation - the extent to which policy encourages entrepreneurial and industrial specialisa-
tion in the areas taking into account their sustainability impact. This criterion echoes calls for pri-
oritisation and ‘smart specialisation’ widely found in practical policy advice. Interestingly, the di-
mension of specialisation does not emerge in TIS or MLP literatures.

Policy Coherence - the extent to which policy mix is consistent, coherent and comprehensive.
This criterion is based on the policy design and policy mix literature indicating the role of policy
coordination and coherence for delivering impactful public intervention.

Distributional impacts - the extent to which policy redistributes costs and benefits of transition
between societal groups and regions. Sustainability transition will create positive and negative
impact for different businesses and societal groups. Recognition of varying destruction of im-
pacts contributes to better policy design and implementation. This dimension is taken into ac-
count in political economy literature and in the practice of policy evaluation and strategic impact
assessment.



+ Effectiveness - the extent to which policy is effective in achieving transformative impact. This is
a core evaluation criterion used in policy evaluation. In relation to sustainability transition it is as-
sessed against sustainability goals which may or may not be reflected by policy objectives.

+ Policy evaluation and learning - the extent to which policy is based on evidence and supported
by learning environment. The role of evidence and learning in policy making is central for the evi-
dence-based policy paradigm and is part of ‘good governance’ criteria.

The appraisal process includes not only assessment and scoring, but also mapping questions (which
enable recording of policy practice) and analytic questions (which ask experts to provide analytic
commentary and context for the policies applied). Thus the process is designed to reflect on context
and the particularities of each country, rather than simply providing a quantitative scoreboard.

The STIR Methodology in brief
The appraisal process has followed the following stages:
* Recruitment of country experts based on transparent criteria.

» Lead authors are briefed and provided with supporting material by the Inno4SD coordinating
team: the STIR toolkit includes annotated template, secondary data, glossary, examples of cover
letters and (when at the later stages) examples of completed reviews.

+ Lead authors gather data, through analysis of existing secondary data and literature and through
interviews with selected experts and stakeholders in the country (including policy makers, aca-
demia, business, civil society and media).

» Lead authors conduct stakeholder workshop with a collective reflection on the appraisal criteria.
Stakeholders are invited to provide commentary and suggested scores on each appraisal crite-
rion, reflecting on the specific context and developments in a country.

+ Lead authors suggest overall scores against criteria based on all gathered evidence. An example
of the scoring guide for an appraisal criterion is shown in Figure 1.

+ The reviews and scores are subject to peer review by selected country experts. When scores
suggested by the author and reviewers are significantly different, a meeting or teleconference is
arranged to discuss and record the reasons for discrepancies and, if possible, to agree on the
final scores.



Figure 1. An example of annotated appraisal criterion: Environmental policy

Environmental policy stringency
Public policy protects the environment and enhances eco-system services

- 10 - 8: The country has a policy and regulatory framework ensuring the protection of nature
and improvement of eco-system services. The framework is based on scientific evidence,
and takes a full account of the state of local and global ecosystems. The policy goes beyond
obligations stemming from international agreements. While eco-innovation is at the core of
the transition policy, all public support for innovation has to recognise the importance of the
precautionary principle in order to avoid pursuing innovation pathways that present a con-
siderable environmental and social risks.

- 7-5: The country has a policy and regulatory framework ensuring the protection of nature
and eco-system services. The framework is based on scientific evidence. The policy com-
plies with obligations stemming from international agreements. Precautionary principle is
used in taking policy decisions, however, economic benefits are often considered a priority,
and seen as an opportunity to compensate for possible negative environmental impacts.

- 4-2: The country runs environmental policy with formal objectives to ensure the protection of
nature. The policy is largely reactionary and focuses on the acute environmental problems.
There is limited use scientific evidence in designing the environmental policy. The policy for-
mally complies with obligations stemming from international agreements, but their imple-
mentation is partial.

- 1: The country runs a rudimentary environmental policy with formal objectives to protect the
nature. The country, however, does not provide a legally binding framework for environmen-
tal protection and lacks the implementation capacity.

- 0:N/A

Reference data

- SGI network indicators — environmental policy (http://www.sgi-network.org/2016 and
http://www.sgi-network.org/docs/2016/thematic/SGI2016_Environment.pdf)

- OECD database on environmental policy (http://www2.0ecd.org/ecoinst/queries);

- LSE Grantham’s Global Climate Legislation Database (http://www.lse.ac.uk/GranthamInsti-
tute/legislation/the-global-climate-legislation-database/)

- EUROSTAT data on implementation of environmental legislation (EU)

Preliminary findings and applications

The STIR process has developed a policy appraisal framework based on a synthesis of relevant liter-
atures and established approaches to measuring green economy and eco-innovation. There are
three main purposes:

» Policy evaluation and policy research — STIR is a systemic policy evaluation tool based on a mix
of self-assessment and exert appraisal focused on individual countries.

»  Public debate and policy learning — STIR is to contribute to a policy learning process providing a
comprehensive policy appraisal framework for national debates and policy reflection on concrete
steps to improve current policies.

* International collaboration — STIR aims to stimulate international debate and collaboration on the
current and future role of public policy in enabling systemic changes in economies and societies
towards sustainability.
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The pilot country appraisals (South Africa, the UK and Turkey) will be completed by the end of Octo-
ber 2017. Initial reactions from policy stakeholders have been positive, with many expressing interest
in the process and in particular in the balance that the process provides between a simple score-
board approach based on indicators, and a richer analytic-reflexive perspective. In our initial consul-
tations, policy stakeholders have confirmed that this provides value both because it enables under-
standing of relative performance and activity in light of national contexts, and also because the pro-
cess helps to initiate or reframe a strategic dialogue about innovation policy.
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1.2.3 Innovation policy at stake: the emperor is naked
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Positioning the issue

Very harsh questions emerge on our cumulative knowledge on research and innovation policies. Put
together they drive to ask whether past successes build a lock-in situation that forbids envisaging
‘breakthrough’ transformations.

My take on this debate can be summed up around 3 main questions

+ The first is both historical and evaluative: there has not been much discussion about the gather-
ing in one policy of ‘science’, ‘technology’ and ‘innovation’ policies. Is it still useful? Has it ever
been effectively implemented as a sectoral policy and has it been performative? Should not we
rather consider another grouping focused on capability building regrouping higher education and
(academic) research (see for instance points developed by C. Edquist)?

» The second requires to delve again in history and the birth of S&T policies, which were mostly
warranted by ‘mission oriented’ objectives. What has changed when discussing ‘societal’ chal-
lenges? What can we learn from them before proposing radical shifts (as does Johan Schott in
his ‘innovation policy 3.0°)?

* The third question, probably the most problematic, deals with the underlying assumptions (linked
to manufacturing industries) on which the portfolios and policy mixes for innovation policies are
based. Can we go on, facing politicians, keep telling the same stories on portfolios of instruments
and policy mixes as those that worked for manufacturing industries?

In this conference, | would like to focus my presentation on the third question, the relevance of pre-
sent policies supporting innovation.

Most policies have focused on ‘technology-based’ innovation of manufacturing firms in what | charac-
terise around 3 main types that often have also been phases in policy design: technical centres, col-
laborative programmes, focus on small firms innovation capacity and within it on the ecology for
start-up firms.

| argue that we should heavily discuss this focus to take into account radical changes. The key words
that characterise the new challenges R&l policies face, can be characterised by three ‘umbrella’
terms: (a) service economy (b) globalisation, (c) new ‘lifestyles’ and political consumption. There may
be more but these three issues combined drive us to ask ourselves if there is not a completely new
paradigm to consider for relevant public intervention.

Under these umbrella terms there are important transformations that question our assumptions on
the rationales for policy intervention.

Let me here just say a few words on each. In services we know about manufacturing-like services
and on KIBS. But the core of employment (and even more the core of employment growth) is linked
to services focused on ‘individuals’ — from health to tourism, leisure and culture. Some colleagues in
SPRU have even coined the term “hidden innovation” to speak about transformations in the health
sector. Can the now fashionable answer about business models help better characterise innovation
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processes, so that we can identify ways in which public authorities can accompany firm efforts and
build an environment that is more conducive to innovation efforts?

Globalisation goes with concentration worldwide around a limited number of large firms in most in-
dustries. This drives to discuss our models of international trade built upon relative comparative ad-
vantages. We face now ‘absolute’ comparative advantages that drive to massive reallocations of pro-
ductive activities and in many OECD countries to a deep structural change in the economic fabric.

This also goes with a greater and greater decoupling between production & consumption. When both
were coupled in one country, citizens’ vote could ‘frame markets’; when three quarts of what they buy
come from outside, new forms of involvement are required. Political consumption and the rise of
‘value-based’ NGOs with their certification mechanisms are the other facet of globalisation, that
questions intergovernmental inability to frame markets.

There has been work on the shifting role of users in driving innovation (cf. Von Hippel plea for de-
mocratising innovation). They represent an entry point to a new phenomenon whereby in a
knowledge-based society, the vast majority of users/consumers are themselves part of innovations
processes in their work (or at least change processes). And this is fast developing in multiple direc-
tions that question us. Again here | select only a few developments that can be captured by simplify-
ing keywords: (a) crowd sourcing, (b) political consumption and/or responsible innovation; (c) social
innovation, (d) DIY and (e) sharing economy. Are these movements marginal, or do they, taken to-
gether, drive to a reconsideration of innovation dynamics as a permanent source for renewed and
enlarged consumption? This may drive also to a paradigmatic change in the rationale, direction and
content of innovation policies.

While there is a growing recognition of the breadth and depth of such changes, we remain quite poor
at studying their potential implications for policies. Examining a number of advisory reports produced
recently, we remain very shy in even mentioning them, and quite conservative in the recommenda-
tions made that remain in the traditional mould of manufacturing industries.

This is all the more problematic that we face a further transformation in policymaking. We see de
facto a new balance between ‘procedural’ and ‘substantive’ or ‘horizontal’ and ‘vertical’ policies. This
drives to raise a simple question that | do not often see discussed but is everyday more visible in Eu-
rope at large (from Brexit to immigration policies): ‘who is the policymaker’, and if there is no single
policymaker, what are ‘operational forms ‘ of collaborative governance (rather than multi-level). We
could also well think, as many cities in the US, that global problems at better handled ‘locally’ than
waiting on the emergence of a problematic ‘global’ governance. This gives de facto a different role to
global organisations (in a recent conference on development, Y. Nugruho from Indonesia, one of the
rapporteurs of the new Millenium SDGs, argued that their primary role was to influence national/local
agendas).

My feeling is that we are at a turning point, and that we should be proactive in discussing what
should be the next generation of innovation policies seen as policies anticipating coming structural
changes. My ambition is thus to participate in an open discussion about the redefinition of the re-
search agenda of the field.



1.2.4 Complexity and Governance: Towards more agile STI Governance?
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The paper aims to discuss on the governance modes of the STI by utilizing ideas from the theory of
complex adaptive systems (CAS). As a concrete example is used Finnish STI system and its recent
challenges. The major claim made in the paper is that from the perspective of complex systems the-
ory, the governance of the STl is based too much on centralized linear steering from “top-down”
while in a rapidly changing complex system the necessary agility of the system is maintained by rely-
ing on decentralized structures and the self-organization of the actors. The paper asks what kind of
consequences the adoption of this perspective would have on the current governance ideas of the
STl system. It is suggested that it emphasizes at least the role of strategic steering as a wide collec-
tive process, constant experimentation in new situations and less detailed performance based steer-
ing. The paper is based on on-going work.

Current governance paradigm and its problems

It can be claimed that the predominant ideas of governance are currently based on the idea of ma-
chine like organizations and systems (Morgan (1977). In this view organizations are entities which
can be rationally and efficiently steered. Various functions have their own units and division of labour
supports the targets of the organization. The development of the organization is based on the idea
that it can always be adjusted and tuned to be more effective.

The image of organizations as machines is deeply inscribed in the ideas New Public Management
forming the mainstream of governance ideas (Hood 1995; Lane 2002) also in the STI. In a nutshell
the NPM includes the idea that public management should be based on market-like mechanisms in
order to increase the effectiveness and efficiency of the system. Steering is based on detailed perfor-
mance targets, productivity measurements and evaluation. For instance, Finnish universities are cur-
rently steered with performance agreements and a funding formula which is very detailed including
e.g. number of degrees, publications and internationalization. Altogether 75% of the public funding is
based on performance and additional 20 % on specific strategic targets and functions. The activities
of funding organizations are also steered with detailed performance targets. For instance, the steer-
ing of the Finnish Funding Agency for Innovation (Tekes) is based on thematic targets which are con-
cretized by using dozens of quantitative targets and their follow-up (TEKES 2015). Relatively strong
top-down steering is also visible in the fact that a substantial share of public research funding is allo-
cated by using programs with predefined themes or problems. For instance, in 2015 approximately
46% of the research project funding of the research councils (Academy of Finland) was tied to vari-
ous programs and strategic themes (Academy of Finland 2015) and in the Finnish Funding Agency
for Innovation (Tekes) practically almost all research funding is somehow tied to thematic programs.

However, at the same time there are number of increasing problems in the system including, for in-
stance, such issues as the weakness of the overall coordination of the system, inability to address
large societal challenges and horizontal issues that cut across administrative borders (Lehenkari et
al. 2016), weaknesses related to the societal impacts and the commercial utilisation of research, and
following from this, diminishing legitimization of the STI system, which has become manifested in the
cuttings of public R&D investments, and in the termination of major innovation programmes
(Loikkanen et. al 2017).
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Number of recent reforms of the university and research institute sector and in research funding have
been attempts to resolve these challenges. It seems, however, that these structural reforms have not
been able to address the major challenges. For instance, the recent evaluation of the university re-
form indicates that major targets of the reform were not reached (in a nutshell increasing flexibility
and effectiveness) and the working conditions were even weaker than earlier (Ministry of Education
2016). Likewise recent studies and evaluations on the utilization of knowledge-based capital and pol-
icy coordination of the STI system indicate persistent problems in system coordination and steering
(Lehenkari et al. 2016; Pelkonen et al. 2014). The on-going OECD evaluation of the Finnish innova-
tion system has also paid attention to the aforementioned problems (Hutschenreiter 2017).

Increasing complexity

At the same time the operational environment of STI policy-making has become increasingly com-
plex and difficult to manage. In a nutshell the operational environment is volatile, uncertain, complex
and ambiguous (VUCA, Lawrence 2013). There are number of reasons for the emergence of such
environment including, for instance (Nieminen & Hyytinen 2015), facts that we are globally networked
and interlinked by economy, politics and new technologies; the inter-linkages between various hu-
man and natural systems, countries and administrational sectors increase systemic risks (e.g. Grand
Challenges); and the technological development has intertwined profoundly with social and economic
development and it may have far-reaching impacts on e.g. biodiversity and human identity.

In this context organizations and their operational environment can be seen as complex adaptive
systems (CAS) characterized by multi-level and multi-directional interaction of various actors and
system elements creating unanticipated and nonlinear developments and impacts in the system.
(e.g. Mitleton-Kelly 2007; Holland 1995). As this interaction involves numerous people, processes
and development paths which cannot be fully identified or controlled, organizations and wider sys-
tems they form in many cases “co-evolve” with their environment. In this view development is usually
based on self-organized learning and interaction and organizations are “organisms” or “systems of
change and flux” (Morgan 1977) embedded in a wider system of other organizations and institutions.
Centralized control and governance of all the factors and developments become more or less difficult
due to the simple fact that there are too many issues to be controlled and if controlled, operations
may become slow and rigid. Therefore, the governance of the system requires new kinds of ideas
and instruments.

Need for a new ideas of governance

Thus, one possible explanation for the increasing and persistent problems of the Finnish STI system
is the fact that the governance mode is not compatible with the increasingly complex, volatile and
ambiguous environment. As a result the development of the system has become slow, one-sided
and bureaucratic.

According to many researchers, instead of control, governance of complex systems should create
opportunities and options for system development, facilitate creativity, interaction and heterogeneity
of the system, and support decentralized structures. This should lead to dynamic self-organization
and continuous learning within system. Decision-making should be “lean” and engaging and solu-
tions co-created. (e.g. Uhl-Bien et al., 2007; Biggs & Schulter, 2012; Clarke 2013) For resilient organ-
izations in a complex environment it is necessary to accept the need for continuous change, to be
able to study and experiment alternative operational models, to be able to reallocate resources to
new openings, and to be able to tolerate “slack” or “inefficiency” which is necessary for creating new
ideas and operational models. In highly efficient systems there is little room for developing new open-
ings and for experimenting. (Hamel & Valikangas 2003, Valikangas 2010; Walker & Salt 2006).

On the basis of this, and keeping an eye on the Finnish developments, at least the following hypothe-
ses can be suggested on the characters of more “agile” governance of the STI system.



1. Detailed performance targets and monitoring combined with funding steers activities one-sid-
edly. Rapid change of targets is difficult as foreseeable continuity in the funding principles is re-
quired. In addition, the complexity of the environment combined with the need to support mean-
ingful change in the organizations leads to increasing number of targets, which gives little room
for self-organization at the organization level and flexible reactions to emerging requirements.
The sensibility of the performance based funding and steering should be re-thought. Govern-
ance should allow more room for independent action.

2. The current system is largely based on sector policies and existing administrative silos making
coordination of the system challenging. There is no shared research and innovation strategy al-
beit there has been various attempts for a wider coordination. While distributing responsibility
hierarchically and horizontally increases opportunities to react meaningfully to complexity and
ambiguity, as a prerequisite is, however, that all the actors have a shared idea of strategic tar-
gets. Therefore strategic leadership as a shared process and dialogic development should be
emphasized as a fundamental principle of governance. There is little hope of sensible “policy
mixes” if there is no sufficiently detailed idea of common targets and measures of research and
innovation policy. In addition, strategies should be flexible and iterative processes in the context
of change.

3. In a constantly changing environment “steady-state” governance becomes increasingly difficult.
More emphasis should be given to experimentation activity aiming at new operational modes
and organizational arrangements. Experimentation gives swiftly feed-back on the functionality of
planned reforms or operations and does not lead to immediate difficulties to change operations
when the environmental conditions change. In addition, governance should tolerate heterogene-
ity in operational models as the diversity of the system increases its resilience and adaptability
to changing conditions.
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Introduction

Public policies arise from understandings of past experience with actions, reflections on contempo-
rary challenges, and perceptions of future need and potential for action. These understandings are
often placed into frameworks to aid analysis and guide learning. These frameworks evolve and
change, as one framework becomes perceived as inadequate to current circumstances. Practice of-
ten precedes new frameworks and theory. In health research and innovation, existing literature
shows that new conceptual approaches are built on experiments and experiences of those who forge
new patterns of interaction between physical technologies and the organisational and institutional
infrastructures to which they relate (Nelson and Sampat, 2001 and Chataway, et al, 2010). New so-
cio-technical systems arise as concepts and inform scale-up and institutionalisation (Schot and
Kanger, 2016).

This paper draws on the developing conceptual thinking arising from Schot and Steinmueller’s (2016)
new ‘Transformative Innovation Policy’ conceptual approach, pertaining to the evolution of innovation
policy frameworks and the need for new approaches to meet current social and economic chal-
lenges. We aim to contribute to its explanatory power by applying it to the specific case of health in-
novation policy, specifically the evolution of key institutional initiatives in UK health research and in-
novation. Towards this, and building on Schot and Steinmueller (2016), we review three key framings
of research and innovation policy and introduce how each frame can be seen through the case of UK
health research and innovation policy.

Frame 1: R&D leads to innovation

The conceptualisation of the relationship between R&D and innovation is that research leads to inno-
vation - the key challenge is to spend money on research in an enabling way. This frame emerges
out the 2" World War and in the aftermath of the scientific milestones that occurred as a result of
significant investment in R&D. An early proponent, Vannevar Bush, argued that spending on science
was essential to achieving peace and prosperity in the post-war years (Bush, 1945). For Bush, the
social and economic progress that science and technology would drive was the best hope for achiev-
ing progress on what he called the ‘war on disease’, national security, and societal prosperity.

The frame provides a rationale for why the state needs to fund basic science and research. The main
justification for spending money on research revolves around market failure. It was argued that the
inability of the private sector to recoup investment in basic research led to a ‘tragedy of the com-
mons’, where no one entity from the private sector will invest in the public good of knowledge. In re-
sponse, governments began to expand the research funding architecture. The decades that follow
expanded investments to witness a rapid growth in new technologies and economic growth, along
with the expansion of sectors and industries such as agriculture, aviation and transport and health.
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The implications of this approach resulted in the dominance of a ‘linear model’ of innovation. While
we now appreciate that the rhetoric of such a linear model never captured the complexity of the inno-
vation process (Chataway, et al, 2012), it prevailed in policy circles for some time.

The emphasis of many research initiatives working within this frame begin with a focus on R&D and
assume effective translation into innovations, and their uptake. In the UK, prior to 2006, and broadly
speaking, health research was funded by either research councils (through the Biotechnology and
Biological Sciences Research Council or the Medical Research Council) or through NHS R&D budg-
ets which were distributed by the Department of Health, but locally controlled and spent in variable
ways across the country. These two funding models resulted in two tiers of health R&D funding
(Cooksey, 2006). Peer-reviewed, research council or medical research charity funding, which was
more ‘basic’ in nature, was seen as the gold standard and was where the lion’s share of money was
allocated (consistent with the linear model). However, there was widespread recognition that a large
translational gap existed between this basic research and new healthcare innovations (Cooksey,
2006). His report marked the beginning of a shift from the rationale for intervention in frame 1 resting
mainly on market failure, to frames 2 and 3 where the rationale looks to understand institutional fail-
ure.

Frame 2: Innovation Systems

During the 1970s and 1980s, increased economic pressures and international competition began to
expose the limitations of the first policy framework. Differences in individual country’s ability to with-
stand economic shocks became more apparent and the lack of substantial progress in bridging the

gap between the poorest and richest countries in the world caused concern.

Amongst others, Richard Nelson’s work highlighted that research does not flow freely (Nelson 1993).
Knowledge is ‘sticky’, tacit, and difficult to translate. Itis bound in complex ways with the institutions
that produce it. The concept of ‘absorptive capacities’, developed by Cohen and Leventhal, under-
scores the importance of capacity building to use knowledge (Cohen and Levinthal 1990). In addi-
tion, the varying nature of technological progress in different settings came to be recognised. Paul
David, Giovanni Dosi and others began to write about the importance of path dependence in innova-
tion —arguing that it is very difficult to break from established routines and practice (Dosi, 1982).

Recognising the complexities, scholars began to talk about an innovation ‘system’ (e.g. Lundvall,
1992, Nelson, 1993 and Freeman, 2008), highlighting that the nature of relationships between or-
ganisations and institutions in any ‘system’, be it national, regional or sectoral, deeply impacts the
rate, direction and nature of research and innovation.

This approach shifts attention from those who are creating and diffusing research, to consideration of
those who sit in the institutions and organisations who provide the context and the demand for re-
search and innovation. It is the interaction between different system actors which emerges as critical.

This highly-influential frame and the language of ‘systems’ and ‘networks’ it promoted have impacted
on how science and technology is funded, managed, governed and regulated today. In this non-lin-
ear frame, iteration between supply-push and demand-pull for research is highlighted.

In the UK, we see this influence through the creation of the National Institute for Health Research.
The NIHR was created in April 2006 under the government’s health research strategy, Best Re-
search for Best Health. The strategy outlined the direction that NHS R&D should take in order to de-
liver the NIHR’s vision ‘to improve the health and wealth of the nation through research’. The ambi-
tion of the NIHR was to create an environment that valued clinical research as highly as basic re-
search and that maximised opportunities for patient benefit.



A few cases from the early days of NIHR illustrate these attempts to tackle the wider system of
health research. First, Biomedical Research Centres and Biomedical Research Units were estab-
lished as university-hospital trust collaborations to address the first research gap between basic and
applied research. The centres conduct early translational research and provide infrastructure and op-
portunities for research and clinical personnel to develop multidisciplinary skills to address the first
translational research gap (Woolf, 2008 and Trochim, et al, 2011).

Second, the NIHR made a major investment into Collaborations for Leadership in Applied Health Re-
search and Care (CLAHRCs), also university-NHS partnerships, but focused on the second transla-
tion gap — applied research to uptake by health services. The aim is to increase capacity to produce
and implement research evidence through sustained interactions between academics and services,
ultimately for improve patient outcomes.

However, an issue still emerges in that there is an explicit assumption with both of these kinds of ini-
tiatives that there is a gap that needs to be bridged. We propose, though, that in health research it is
not about gaps, but about two-way, dynamic interfaces which jointly influence supply, demand, and
translation pathways. This brings us to Frame 3.

Frame 3: Transformative innovation policy

The relationship between research and innovation in this frame is not so much about pace as it is
about direction — with more emphasis than in frame 2 on social impacts and the diversity of forces
and stakeholders underpinning those impacts.

The view of research and innovation as socially-relevant in interdependent ways, as well as being
economically-beneficial, has led to increasing recognition that the first two policy frames are not well
suited for analysis in this context. Neither conceives of research and innovation in ways targeted to
the scale of transformation that is needed. In frame 1 the challenge is to overcome market failure,
and in frame 2 it is to which enable the institutional relationships for translation and impact. In frame
3, the challenge is to make sure that research links to innovation in such a way that the underlying
dynamics associated with social and technical systems that perpetuate social, economic and envi-
ronmental challenges are addressed. This means engagement of a wider range of stakeholders
across all stages of research and innovation pathways and a stronger shift to a culture of co-produc-
tion of research funding decisions, agendas, implementation, and impact.

This calls for reorienting health research and innovation systems to revisit the, iterative relationships
between supply and demand. Academic Health Science Networks (AHSNs) are one such move in
that direction. They seek to align education research, innovation and service delivery and are charac-
terised by more variability and experimentation than other NIHR initiatives. They are concerned with
creating the structural, behavioural and network conditions to support progression of research and
innovation across the entire pathway; recognising the importance of links between regions and ‘the
centre’ and of links between health, voluntary and social care actors. They try to inform and match
supply and demand in more stakeholder-inclusive ways than in frame 2. Priority Setting Partnerships
like the James Lind Alliance, which seeks to involve the public in setting priorities for research, are
yet another example of efforts to shift towards more user-led approaches (Morgan Jones, et al,
2016).

Another example is the Vanguards (new models of care), which explicitly consider interdependencies
between the health system as something which is embedded in wider societal systems. They have
an integrated approach to service transformation and service-model innovation, embracing links be-
tween health, social and community care systems and between and between low-tech, high-tech and
social innovations.
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Frame 3 however is in its infancy and raises difficult questions about what constitutes value and im-
pact from research and innovation, new power-hierarchies, and lines of responsibility and accounta-
bility. 1t may also introduce an even more normative dimension to decisions about investment.

Discussion and conclusions

In looking at the evolving policy frames in relation to UK health research and innovation, we see sev-
eral shifts. First, there is a shift in the focus on economic and sector performance? towards wider so-
cial benefits driving research and innovation priorities, with the third frame most focused on balanc-
ing that equilibrium. Second, and related, there is a gradual shift in the conceptualization of what im-
pact means and on the balance of energy on outputs versus impacts. In the third frame, we see the
most concern about impacts on ultimate end users and society at large, as evidenced by an increas-
ing focus on end user perspectives in shaping research priorities.

Third, there is a shift in emphasis on the pursuit of structural versus behavioral policy interventions,
with progressively more attention on the behavioural in frame 3. Alongside this, a greater recognition
of the interdependencies between sectors emerges in frame 3, and with this comes the need for
more interdisciplinary research across the frames and mechanisms to support this. As frame 3 rec-
ognises at its core that specific impacts require contributions from multiple sectors (e.g. health and
social care for ageing-related innovations) it is more likely to place emphasis on interdisciplinary in-
terdependencies in the policy framing and thinking.

Finally, power dynamics are also seen to move across the frames. Initiatives such as new models of
care (i.e. the Vanguards) are deliberately pursuing more joined up governance, planning and ac-
countability for health outcomes and impacts between sectors (e.g. health and social care), between
parts of healthcare pathways (primary, acute, and community care), all of which changes who has
influence on what. While frame 2 may give more consideration to power hierarchies within sectors,
frame 3 examples illustrate a greater concern with cross-sector power relations. In addition, more
power, influence, and capacity-building is given to the end user, eg patients and the public, in frame
3 thinking, which provides greater scope to bring in new actors, particularly those who are marginal-
ised or underrepresented.

What is clear looking across the frames is a series of implications for how we think about the co-pro-
duction of R&D and the policies that govern it. Analytically, we expect that a shift towards frame 3
thinking in the development of policy will have a series of implications, perhaps allowing for greater
recognition of socially-relevant, as well as economically-beneficial, research and innovation, more so
than in the market-oriented and systemic approaches in frames 1 and 2. This is not to say that these
analytical frameworks are irrelevant, nor that either inhibits consideration of social and economic
benefits. It is that frame 3 offers more nuance and scope for end users to play central, influential and
diverse roles in policy development. The analytical lens used in this paper raises important questions
for the future of innovation policy thinking, and the iterative and reflexive relationship between intel-
lectual policy framing and its application in practice.
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1. Introduction

The political consensus to mitigate climate change requires profound innovation in clean technolo-
gies. To this end, numerous policies for clean technology deployment have been implemented over
the last decades. A common approach to foster the deployment of clean technologies is to establish
niches in which clean technologies are shielded from competition with established technologies
(Kemp et al., 1998).

Due to the high cost and the simultaneous importance of deployment policies, there has been a lot of
research on the effect of these policies on technology diffusion as well as innovation in general.
Thereby, deployment policies have been investigated from mainly two perspectives. One perspective
uses the policy instrument as main predictor for policy effectiveness (Nemet, 2009; Requate, 2005),
while the other highlights the importance of policy characteristics or design features for clean tech-
nology innovation (Kemp and Pontoglio, 2011).

Besides deployment policies, complementary technologies can support the development of focal
technologies since they increase the value of the former (Pistorius and Utterback, 1997; Sandén and
Hillman, 2011). The importance of complementary technologies drastically increases once focal tech-
nologies outgrow their niches. Fostering the diffusion of complementary technologies is therefore
deemed crucial for managing the transition of socio-technical systems towards sustainability (Kemp
and Volpi, 2008).

Doing so, however, is not straightforward since (1) more than one technology may have complemen-
tary characteristics to the focal technology, and (2) the further evolution of the socio-technical system
and therefore the future need for complementary technologies is highly uncertain. In practice, this
leads policy makers to either refrain from policy interference in support of complementary technolo-
gies or to support different complementary technologies across-the-board.

In order to solve this dilemma, it is important to better understand drivers of the diffusion of comple-
mentary technologies. Thereby, we argue, that deployment policies for focal technologies play an
important role for two reasons: (1) they have had a tremendous effect on the diffusion of focal tech-
nologies and are therefore likely to have spill-overs to complementary technologies and (2) they con-
stitute important and adjustable levers for interfering in existing technological systems. Therefore, we
aim to answer the question how do deployment policies for focal technologies affect the diffusion of
complementary technologies?

To answer this question we investigate the cases of battery storage and pumped storage hydro
power as complementary technologies for variable renewable energy technologies, namely solar
photovoltaics and wind. We follow an inductive approach and derive propositions based on semi-
structured interviews with corporate managers of firms active in Germany and California. Our find-
ings are complemented by expert interviews and the analysis of archival data from press articles.



2. Literature Review

Deployment policies and their effect on technology diffusion

The effect of deployment policy instruments on technology diffusion has been analyzed by scholars
of neo-classical (Jaffe et al., 2002; Janicke and Lindemann, 2010) and quasi-evolutionary tradition
(Faber and Frenken, 2009; Nill and Kemp, 2009). Despite differences in their epistemological con-
cepts both literature streams acknowledge the positive influence of deployment policy instruments on
focal technology diffusion.

Besides the analysis on an instrument level, there are several studies that identify deployment policy
characteristics as important predictor for technology diffusion or innovation in general (Kemp and
Pontoglio, 2011; Norberg-Bohm, 1999). These characteristics are mainly abstract and differ among
studies. Rogge and Reichardt (2016) list six characteristics that they deem important in the context of
clean technology deployment: stringency, flexibility, level of support, predictability, differentiation and
depth.

Diffusion of complementary technologies under policy influence

Within the literature on technology diffusion only few studies investigate the diffusion of complemen-
tary technologies (Colombo and Mosconi, 1995; Lissoni and Metcalfe, 1994). There are studies in
which (1) policy interference does not play a role like in the diffusion of laser scanners and bar codes
(Bucklin and Sengupta, 1993), (2) there is only one major complementary technology as in the case
of hydrogen powered cars and the hydrogen supply infrastructure (Gnann and PIétz, 2015; Meyer
and Winebrake, 2009) or (3) the complementary technology is located within the value chain of the
focal technology (Choi and Anadon, 2014; Fabrizio and Hawn, 2013).

Summary & initial research framework

Summing up, the extant literature has not looked at the diffusion of complementary technologies un-
der policy influence. Thereby, policy characteristics are likely to play a significant role since (1) the
effect of the policy instrument choice on complementary technologies will be attenuated and (2) pol-
icy characteristics comprise information that goes beyond their effect on the focal technology, as e.g.
in the case of the predictability of deployment policies. Figure 1 summarizes our research framework.

Figure 1. Initial research framework.

Deployment policy Complementary
for focal technology technology diffusion

Deployment policy
characteristics

Investigating such a case is important since the diffusion of complementary technologies is (1) often
critical for the performance of socio-technical systems and (2) likely governed by different mecha-
nisms than the diffusion of focal technologies (Kemp and Volpi, 2008).

3. Research Case

We chose to study battery storage and pumped storage hydro power as complementary technolo-
gies to variable renewable energy technologies, i.e. wind and solar photovoltaics. Variable renewable
energy technologies as focal technologies, on the one hand, are specifically well suited for our analy-
sis since (1) wind and solar photovoltaics have experienced significant policy support over the last
decades (Saidur et al., 2010; Solangi et al., 2011) and (2) both technologies have a strong impact on
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the functioning of the overall power system (Mueller et al., 2014). Battery storage and pumped stor-
age hydro power, on the other, are deemed highly complementary to the focal technologies
(Kassakian et al., 2011; Sinsel et al., 2017) and are therefore a good fit for our endeavor.

Policies are country specific - therefore we chose to focus on Germany and California for the pur-
pose of our study. The share of wind and solar photovoltaics have drastically increased in both coun-
tries over the last decades. At the same time, pumped storage hydro power is more prevalent in Ger-
many as opposed to battery storage which features increasing diffusion levels in California. We
therefore chose to study the diffusion of pumped storage hydro power in Germany and the diffusion
of battery storage in California.

4. Method & Sampling

Our study follows a qualitative case study approach (Eisenhardt, 1989; Yin, 2009). Thereby, we pro-
ceeded in three steps. First, we scanned archival data to find out more on (1) the development of de-
ployment policies in both countries, (2) the relevant corporate actors and (3) on factors that support
or stall the diffusion of the chosen complementary technologies. Second, we conducted a number of
exploratory interviews with industry experts. Third, we conducted semi-structured interviews with a
sample of managers from firms involved in the sale or use of battery storage and pumped storage
hydro power plants in either of the two countries.

5. Results

We first present our findings for the main effect, i.e. the influence of deployment policies on comple-
mentary technology diffusion, then we address the moderating effect of deployment policy character-
istics.

Main effect

In general, we find a positive influence of deployment policy instruments on complementary technol-
ogy diffusion. This is mainly due to positive expectations for the future demand of complementary
technologies that is generated through deployment policies. Future demand is thereby either created
via a technical need for complementary technologies, through market forces or through future regula-
tion that is expected to be introduced in favor of complementary technologies. These positive expec-
tations lead firms to increase technological learning by acquiring new resources and investing in
demonstration plants, partly also in absence of a positive business case for the commercial operation
of the complementary technology.

Summing up, we put forward the following proposition:
P1: Deployment policies for focal technologies increase the diffusion of complementary tech-
nologies.

Moderating effect

We find that policy characteristics have an ambivalent role when it comes to the diffusion of comple-
mentary technologies. A deployment policy with a high level of support, i.e. providing a high deploy-
ment incentive for focal technologies, hinders the diffusion of complementary technologies since they
shield focal technologies from the market and therefore reduce the profitability of complementary
technologies. Lowering the level of support e.g. by shifting the operational risk from society to focal
technology users is likely to have a positive impact on complementary technology diffusion.

This leads us to suggest the following proposition:
P2: Policy characteristics moderate the effect of deployment policies for focal technology on
the diffusion of complementary technologies.



6. Contributions

Implications for the existing literature

Our study makes contributions to two literature streams. First, we make a contribution to the litera-
ture on deployment policies by uncovering adverse effects on complementary technologies. Second,
we contribute to the literature on the diffusion of complementary technologies by including policy as
relevant driver and uncovering mechanisms that underlie complementary technology diffusion.

Implications for policy makers

Deployment policies for focal technologies have an ambivalent role when it comes to the diffusion of
complementary technologies. One the one hand, deployment policies for focal technologies create
positive expectations for the demand of complementary technologies which fosters their develop-
ment and diffusion. On the other hand, deployment policies for focal technologies also hinder the dif-
fusion of complementary technologies since their characteristics may shield focal technologies from
the market. Therefore, it is important to adjust deployment policies over time in order to account for
(1) the increased diffusion of focal technologies and (2) the simultaneous development of comple-
mentary technologies.
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The emergence of a security and defence dimension to European Union science and technology pol-
icy should be a source of fascination (and perhaps concern) to the academic community that studies
science and technology policy. Paradoxically, given its potentially significant implications, the topic
has been more or less ignored by that community and it has been left to students of European inte-
gration and security policy to examine these developments. They are clearly important since defence
and security has until relatively recently been separate from the supranational mainstream of Euro-
pean integration, including European Union science and technology policy. The European Security
Research Programme (ESRP) moved European Union science and technology policy into a field
once regarded as strictly of Member States competence. The idea of a European Defence Research
Programme (EDRP) is an even more dramatic shift in compentencies which has been argued by
some advocates to be a “game changer” for the European Union and Member States (Fiott and Bel-
lais, 2016).

This paper focuses on the origin of these policies since the origin of a policy can have a profound im-
pact on its shape, scope and objectives. Nonetheless, public policy analysis all too often ignores why
issues emerge as policy “problems”, the timing of their emergence, the representation of the “prob-
lem” and its acceptance by politicians and policy makers (Edler and James, 2015). The paper com-
pares and constrasts the emergence of the European Security Research Programme (ESRP) which
was established as a new research theme under the Seventh Framework Programme (2007-2013)
and the European Defence Research Programme (EDRP) which is currently being proposed.

The paper makes three contributions. First, it mobilises the political science literature as a conceptual
lens to help us compare and contrast the emergence of the two programmes and emphasises in par-
ticular the crucial role in both programmes of the European Commission as policy entrepreneur. Sec-
ond, it introduces the idea of "serial policy entrepreneurship" to explain the important role of the
same mid ranking European Commission official in identifying and utilising political windows of op-
portunity to get both programmes onto the policy agenda. Third, it emphasises the importance of am-
biguity as a key feature in the process of framing and mobilisation that underpinned both pro-
grammes and broaden and deepens the discussion of ambiguity begun in an earlier paper (Edler and
James, 2015).

The paper is structured as follows. It starts by developing our conceptual framework, building on the liter-
ature on policy entrepreneurship and agenda setting at the EU level. Section 3 discusses the origins of
the European Security Research Programme, emphasising the important policy entrepreneurship role of
mid ranking European Commission officials, the way that they identified a window of opportunity, framed
the idea of the ESRP and mobilised an interest coalition in support of that idea as well as the important
role in the agenda setting process of ambiguity in the definition of “security”. Section 4 compares and
contrasts the origins of the European Defence Research Programme (EDRP) with that of the ESRP and
finds important similarities in the process by which it emerged not least in the role of middle ranking offi-
cials (one of whom is characterised as a “serial policy entrepreneur” since he was involved in the emer-
gence of both programmes) as well as the importance of ambiguity in getting the programme onto the
policy agenda. Section 5 concludes with an expanded discussion of the nature of serial policy entrepre-
neurship and the importance of ambiguity in the agenda setting process.
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Introduction

Innovation has long been associated with technological development and informed by manufactur-
ing-centred theories and concepts such as research and development, new product and process de-
velopment (Gallouj and Savona, 2009). This understanding has been challenged in recent years by
scholars seeking to develop a broader understanding of innovation. In this context, innovation in ser-
vices has received substantial interest from researchers and policy makers alike (Gallouj and Dijellal,
2008; Toivonen, 2007). Much of this work has been driven by the growing importance of services in
most developed economies, but also the blurring distinction between manufacturing and services
(Miles, 2000). The topic of innovation in services has been addressed by a range of different aca-
demic literatures, including management theory and innovation studies, with more than 1,000 studies
identified in a recent literature review (Snyder et al., 2016). This has seen much effort given to ex-
ploring the foundations of innovation in services, its distinctiveness to product innovation, and its sec-
toral attributes.

In recent years, policy and practitioners have recognised the potential to widen the focus of innova-
tion policy by examining the potential to support innovation in services and sectors such as
knowledge intensive business services (Kuusisto, 2012). Gaining impetus in the late 1990s, this has
seen a sustained period of policy reflection in Europe and beyond. Academics have played an im-
portant role in undertaking policy research, and have been prominent members of policy forums es-
tablished by organisations such as the OECD (2005) and the European Commission (Expert Group
on Innovation in Services, 2007). Yet, despite this flurry of policy discourse, the practical implementa-
tion of new policies and policy instruments for innovation in services has been patchy. Indeed, the
European Commission, itself, has recognised the challenges of implementing policy and instruments
targeting innovation in services (European Commission, 2009).

Drawing on case-study evidence, the research makes use of insights from public policy and innova-
tion theories to explore the development of innovation in services policy in two countries — Finland
and Ireland. Both have been at the forefront of policy development for innovation in services, and
have sought to introduce new policy instruments. Based on interviews with policy makers, academics
and documentary analysis the research examines how innovation in services policy ideas reached
the policy agenda in each country, and subsequently progressed to implementation. Using the con-
ceptual framework of the multiple streams approach (MSA), first developed by John Kingdon
(1984/2003), it explores the role of problems, politics, and policy in the introduction of new policy
ideas. This approach adopts the concept of a policy window, in which issues reach the policy agenda
when policy entrepreneurs are able to join the separate streams of problems, politics and policies by
mobilising enthusiasm, criticism or both (Baumgartner et al, 2006). This process, however, is charac-
terised by ambiguity and constraints, and not all ideas will reach the policy agenda (Zahariadis,
2014). Such entrepreneurs can be policy makers within government, or individuals from the wider
policy community, including academics, consultants, NGOs. Mintrom and Norman (2009) suggest
that they are characterised by perceptiveness, clarity in defining a problem and team, and credibility.
From this perspective, the development of new policy represents a process of trial and error learning,
and one that is non-linear in character (Cairney, 2012). Following recent developments in MSA, the
research recognises the potential for the strength and focus of the streams to evolve as policy solu-
tions move towards implementation (Howlett et al., 2016).



In addition to MSA, the research draws on a second strand of theory — research on the nature and
concepts of innovation in services. Miles (1993), for example, provides an overview of the character-
istics of services, highlighting the intangibility of services, the close relationship between the produc-
ers and customer, and their perishability. Taken together, these factors imply that it is difficult to dis-
tinguish between production and delivery in the same way that is possible for a manufactured prod-
uct. It can also present difficulties in determining what a service innovation is (Drejer, 2004), and
measuring its output and effects (Djellal et al., 2013). The focus of this research is on innovation pol-
icy for market services (those that can be traded).

Results

Finland and Ireland are small countries, with populations of 5.5 million and 4.7 million respectively
(Eurostat, 2016). Like many other countries the origins of innovation policy can be traced back to
earlier science, technology and research policies. Both have faced economic challenges that have
informed their broader policy responses to enterprise and innovation policy. Ireland, for example,
was one of Europe’s poorer economies for a large part of the post-war period. Its strategy of promot-
ing inward investment, backed by skills development and favourable tax incentives, however, ena-
bled it to become one of the fastest growing economies by the 1990s (O’Hearn, 2003). Policy makers
in Ireland turned to innovation as a means of ensuring the continued development of the economy
(Forfas, 2000). Finland, on the other hand, faced a particularly strong recession in the early 1990s,
associated with the wider recessionary pressures and the end of the Soviet Union — a major trading
partner. Innovation and technological development were identified as a key part of its strategy, result-
ing in rapid recovery, and R&D spending amongst the highest in Europe (Husso and Raento, 2002).
In both countries, the contribution of services has grown in recent years.

Figure 1: Market services sector as a % of total Gross Value Added — 2000-2014
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The context for new policy approaches to innovation in services was the emergence of concepts
such as regional and national systems of innovation, and a greater focus on innovation as an interac-
tive process. These ideas challenged the linear model of innovation, and the pre-eminence of R&D
and technology development. This broadening out the concept of innovation helped provide a sup-
portive environment in which new policy thinking could emerge.

The research finds that the problem and policy streams were by far the most significant in under-
standing the emergence services policy ideas. Here, the identification of a problem — the lack of pro-
vision of support for innovation in services businesses - was largely driven by policy makers’ interest
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in developing new concepts in support of the emerging broader innovation agenda. This is not to say
that policy makers did not respond to the wider trends of service sector growth, but that there was
little evidence of over lobbying, or a wider ‘national mood’ evident (cf. politics stream). This is linked
to the technical nature of the subject matter, and its niche position within the wider policy agenda.
The findings do, however, highlight the role of policy entrepreneurs in helping to frame the new idea
and align it to problems and potential solutions. In both countries the policy entrepreneurs were prin-
cipally policy research and advisory officials (in Tekes — Finland’s technology and innovation agency,
and Forfas — Ireland’s policy advisory body). These policy entrepreneurs were charged, in both coun-
try, with exploring a wide range of new policy ideas and ensuring that policy supported enterprise de-
velopment. This role saw them develop a ‘policy case’ over several years, based on inputs from re-
search and the wide policy communities of each country (and internationally). The policy entrepre-
neurs identified in both country shared the characteristics of persistence and commitment, in seeking
to promote this new policy idea, within a context in which traditional technological innovation was still
important. The outcome of the work of policy entrepreneurs was to raise the profile of innovation in
services and introduce it in national strategic documents. In the case of Finland this resulted in stra-
tegic statements by the national Government (Lipponen Il cabinet statement, quoted in Kuusisto and
Kotala, 2004; p.12) and subsequent TEKES strategies. In Ireland, it led to the adoption of several
policy statements (Forfas, 2008; DJEI, 2015).

While the work of policy entrepreneurs in Finland and Ireland helped to open a policy window for in-
novation in services, it was not sufficient to secure the implementation of innovation policy instru-
ments. The key implementation agencies in both countries had significant discretion about how to
implement the policy ideas in practice. As a consequence this required further development and fea-
sibility testing by staff within the implementation agencies, thus introducing a new type of policy actor
in both cases. The implementation phase took on a different form of confluence in which implementa-
tion came to dominate the policies stream. This did not mean that politics and problems had disap-
peared, rather they were not to the fore. While Finland was able to progress relatively smoothly to
implementation of Serve (Tekes, n.d.) — a discrete programme supporting innovation in services, Ire-
land’s initial policy development was limited by the financial crisis in 2007/08 to incorporating ser-
vices eligibility into existing technological policy instruments. In the subsequent rebuilding of the Irish
economy, however, innovation in services returned to the policy agenda, with the National Research
Prioritisation Exercise (DJEI, 2012). Driven by a different rationale (smart specialisation) and person-
nel (primary business support agencies - Tekes, Enterprise Ireland, IDA Ireland and Science Foun-
dation Ireland), this has led to current experimentation with policy instruments.

While experiments with ‘demarcated’ policy instruments were the initial goal of policy entrepreneurs
in Finland and Ireland, the major focus of implementation in both countries has been one of integra-
tion within existing programmes. This owes more to an ‘assimilation’ approach, and reflects a pro-
cess of mainstreaming of services across the innovation policy agenda. In Finland, the Serve pro-
gramme was studied widely by other countries, without significant policy transfer. The final evaluation
(Oosi et al., 2016), however, found that it had succeed in promoting new research in this area, and
strengthening Finland as a centre of expertise in innovation in services. In contrast, the Irish policy
instruments are in the early stages of implementation. Initial results, however, point to an unantici-
pated aspect of the policy challenge — namely lack of awareness and demand-side capacity. This
seen limited numbers of successful applications for the service R&D grant funding established. While
this may reflect the novel nature of the research topic in Ireland, it highlights the challenge of - ‘tech-
nical feasibility’ — that of stimulating both the supply and demand-side of policy for innovation in ser-
vices.

Summary and conclusions

The research findings illustrate the important role of problems, policies and (to a lesser extent) poli-
tics in the development of innovation in services policy. While the experience of Finland and Ireland
imply that a confluence of the multiple streams is important in creating a policy window, these
streams are not necessarily distinct (particularly the problem and policies stream in these cases) and
that the strength of the streams varies according to stage in the policy cycle. Policies (solutions), are



the predominant stream in the implementation stage in both cases, with politics and problems playing
a much smaller role than in the earlier stages of policy development.

The research further points to the important role of policy entrepreneurs in helping to frame innova-
tion in services and secure its position on the policy agenda. These individuals were initially senior
members of the state (or semi-state in the case of Ireland) with responsibility for policy research and
development. Unlike Kingdon’s notion of the lone, calculating policy entrepreneur waiting for an op-
portunity to introduce their own idea, these individuals were tasked with exploring new policy ideas.
Furthermore, while linked to individual staff roles, they were reliant on the support of senior staff, of-
ten at board level within organisations.

Finally the results give some confirmation to the messy and non-linear nature of new policy develop-
ment. The processes described in these case studies have evolved over 10 years or more. In this
time policy entrepreneurs and policy makers have come and gone, and rationales reshaped to fit the
current narrative (e.g. prioritisation in Ireland). It also suggests that substantial ambiguity is still pre-
sent in the policy development process in both countries, as reflected in Ireland’s experimental ap-
proach towards implementation, and Finland’s continued policy research into innovation in services
options.
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Introduction

This paper describes the background motivation of the OECD Working Party on Biotechnology, Nan-
otechnology and Converging Technologies (BNCT) to develop and conduct a project on ‘Harnessing
Convergence for the Next Production Revolution’. The paper outlines the development of the BNCT

approach for the impact assessment of emerging technologies and their policies.

Having commenced in January 2017, the BNCT project and the approach developed within it will un-
dergo a proof-of-concept as part of the conduct of the two-year project. The oucomes of the project
will be evaluated against the objectives of the project and the milestones of the approach.

Background

The concepts of ‘Convergence’ and the ‘Next Production Revolution’ (NPR) (AKA 4th Industrial Rev-
olution, Industry 4.0, Next Generation Manufacturing) help signify a number of key technological de-
velopments with far-reaching social implications. These include the harnessing of machine learning
algorithms for industrial production, the exploitation of bio-engineered resources and bio-inspired
processes in large-scale industrial processes, and the co-ordination of increasingly complex activities
across physical and digital systems. The advancement of the ‘internet of things’ (AKA cyber-physical
systems (CPS)), the use of Big Data into diagnostic machine-learning algorithms, as well as the in-
creasing use of behavioural and social data patterns in CPS (known as CPS2), for example, are
likely to exert a deep influence on the patterns not just of production but of everyday life. The poten-
tial societal, economic and environmental impacts are recognised to be far reaching.

The OECD BNCT role in conducting analyses of national policies and inconvening discussions be-
tween national policy makers plays an important part in the preparation of governments for the ad-
vent of the convergence and NPR: as policies dedicated to fostering convergence and CPS2 prolifer-
ate, there is value in comparing frameworks used in different countries to ensure that sustainability,
privacy and well-being (including economic well-being) are optimized.

Methodology - Policy Assessment of Emerging Technologies

In its project on ‘Harnessing Convergence for the Next Production Revolution’, the OECD BNCT has
now set out, in order to assess both the impact of technologies undergoing a convergence and the
impact of policies affecting those technologies.

A two-Tier Approach for the Impact Assessment of Technologies and their Policies

In order to assess both the impact of technologies undergoing a convergence and the impact of poli-
cies affecting those technologies, a two-tier approach has been developed. In both tiers, the need for
non- traditional approaches of assessment coming from the social sciences and humanities (SSH)
and the concepts of responsible research and innovation (RRI) is given specific consideration.
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Figure illustrates the overall structure of the BNCT two-tier approach for impact assessment of tech-
nologies and their policies.

Figure1. lllustration of the BNCT two-tier approach for the impact assessment of technologies
and their policies.
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Tier 1: This stage of the project is centred around Project Workshop 1, where a technology fore-
sight exercise will be conducted, which combines elements of Technology Assessment (TA) (i.e. in
particular the elements of “Scenario Workshops” and “Co-operative Discourse” (Decker and Ladikas,
2004), during which experts of humanities and social science will be asked to conduct critical re-
views). This step follows the “Scientific Foresight” approach developed by the European Parliament
Research Services (EPRS) (EPRS, 2015), in order to identify expected impacts of each one of the
three concrete Technology Application Case -Studies, especially regarding, economic, social, envi-
ronmental aspects.

Tier 2: This stage of the project is centred around Project Workshop 2, where a policy assessment
will be conducted, based on the findings of Tier 1. The main policy families concerning the impacted
sectors and stakeholder groups identified in Tier 1 are assessed with regard to their applicability to
an increasingly complex and converging technology landscape. A detailed policy assessment is con-
ducted on each one of the three technology cases, with a view to evaluating if a generic policy family
is adequate, or if adaptations are likely to be required, or if a new policy needs to be developed, in
order to cover the advent of convergence. In order to sufficiently illustrate the Case-Studies policies,
specific jurisdictions may be selected.

The ultimate outcome of the assessment will be a guidance framework for a future policy assess-
ment that is sufficiently flexible to accommodate rapid technological advances.



Conduct - Policy Assessment Tier 1: Technology Foresight

As a first step of the BNCT’s approach for policy assessment of emerging technologies, a technology
foresight is conducted, in order to identify those aspects that will be impacted by the technology in
question, in order to subsequently ascertain the policies that are governing the relevant areas.

The technology foresight exercise proposed for this purpose builds on the “Scientific Foresight” ap-
proach developed by the European Parliament Research Services (EPRS) (EPRS, 2015). In order to
include aspects of social sciences and humanities (SSH) and the concepts of responsible research
and innovation (RRI), which are often missing in traditional assessment approaches, the exercise
has been combined with elements of Technology Assessment (TA). In particular, this approach
draws on the elements of “Scenario Workshops” and “Co-operative Discourse” (Decker and Ladikas,
2004), during which experts of humanities and social science will be asked to conduct critical re-
views.

The methodologies of “Horizon Scanning” and “360° Envisioning”, proposed by EPRS in 2015, have
been further developed, in order to provide a comparative technology foresight exercise: the original
guiding framework of STEEPED (Social — Technological — Economical — Environmental — Politi-
cal/Legal — Ethical — Demographic) aspects has been detailed by a number of attributes assigned to
each aspect. Table 1 lists the original descriptions and newly assigned attributes of the STEEPED
aspects.

Table 1. Original description of STEEPED aspects (according to EPRS, 2015) and detailing at-
tributes assigned to each aspect.

Description of STEEPED aspects Attributes detailing each aspect

Social aspects cover changes in social and cul- Inclusivity (intra-national)

tural values and lifestyles. s .
Inclusivity (inter-national)

Network effect

Privacy

Social capital / community engagement

Equality

Behavioural changes

Lifestyle

Technological aspects include how, and in which Innovativity
directions, technology is developing and the di-
versification of the use of techno-scientific de-

vices. Accessibility

Problem-oriented

Single-use only (i.e. non-abusability)

Efficacy

Economic aspects cover issues related to con- Jobs / job creation
juncture, production systems, different distribution
and trade systems, and consumption of goods

and services. Infrastructure independence

Value creation

Skills transferability
Affordability

Equality within countries
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Description of STEEPED aspects Attributes detailing each aspect

Equality across nations

Environmental aspects embrace interactions with Resource efficiency
our natural habitat and our biophysical environ-
ment which is our planet. This category also in-
cludes the availability of natural resources. Water efficiency

Energy efficiency

Recyclability
Product safety
Process safety

Environmental quality

Political/legal aspects describe developments or Market liberty
changes in various policy-making and legislative

systems or forms of governance. Market coordination

Competition

Cooperation

Democracy / collective choice
Liability

Individual rights

Ethical aspects cover individual preferences Autonomy / individual freedoms
about the diverse values embedded in the

broader society. Access to technology

Individuality (incl. disability)
Distributive justice

Respect for persons
Respect for the environment

Collective well-being

Demographic aspects entail various aspects of Age
society, looking at the society as a collection of a
varied set of social groups based upon parame-
ters such as age, gender, religion, origin, profes- Origin / ethnicity
sion, education, income level, etc.

Gender

Religion
Education
Profession
(Dis)abilities
Income level
Skills

During the technology foresight exercise conducted at Project Workshop 1, experts will be asked to
judge, whether an aspect attribute is likely to be impacted by a specific technology application in
question, and, if so, whether the impact is likely to be positive or negative compared to the current
status of the attribute.



Three concrete Technology Application Case-Studies

In order to allow focused discussions during thetechnology foresight exercise at Project Workshop
1, three concrete Technology Application Case-Studies have been selected and a detailed applica-
tion scenario has been described for each one of them. These three concrete Technology Applica-
tion Case-Studies have been chosen to cover different technology-readiness-levels (TRLs) from (a)
starting to be deployed (high-TRL: 5-10 years), to (b) still undergoing tests but about to be widely ap-
plied (medium TRL: 10-15 years), to (c) technological feasible and widely deployable in the long term
(low-TRL: >15 years):

* Robots in consumer-goods manufacturing as a high TRL example of automation and robotics
in the manufacturing environment) (e.g. sensors, autonomous systems, machine learning algo-
rithms): these technologies are already widely used in industry, but they are also continuously
advancing through technology convergence, and their applications are increasingly widened to
new application areas of NPR),

+ Autonomous vehicles as a medium TRL example of Cyber-Physical and Social Systems
(CPS2) (e.g. a technology or service that is based on digital algorithms and that makes increas-
ing use of individual data on behavioural and social patterns), and

+ Cyborgs (i.e. human cogno-info implants) as a low TRL example of functional human-machine
interfaces (e.g. personalised regenerative engineering, chip-implants, human enhancement,
etc.).

Ahead of the workshop, each case-study will be prepared by the invited experts; each expert will be
asked to complete a technology foresight matrix, which lists all STEEPED aspects and attributes,
and allows the expert to assign a value between -2.0 and +2.0 (in step-sizes of 0.5) to each attribute,
automatically generating radial (‘spider net’) diagrams for each aspect and a summary diagram for
the entire Technology Application Case-Study.

This semi-quantitative approach to technology foresight allows workshop participants of varying
backgrounds and expertise to discuss and compare their findings and opinions on the Case-Study
during the scenario breakout group at the co-operative discourse workshop.

Figure below shows an excerpt of the technology foresight matrix, which all workshop experts are
asked to complete for their assigned Technology Application Case-Study prior to the meeting, with a
view to discuss and refine their findings and opinions during dedicated breaskout sessions at Project
Workshop 1.
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Figure 2. Excerpt of the technology foresight matrix. (NOTE the excerpt shown has been com-
pleted with an example case-study of ‘3D Organ Printing’ (low TRL) for illustration purposes.)
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Preparations of Tier 2: Draft Policy Identification and Initiation of the Policy Backcasting

In order to facilitate the transition from technology foresight to policy analysis, breakout-groups are
asked to complete a ‘Policy Identification Exercise’, if all of the above tasks have been completed
and breakout session time allows.

The exercise asks for a listing of those policies (or policy families) within the relevant STEEPED as-
pect that may be affected by the technology application case.

Experts are asked to enter a descriptive name of the policy (family) into the relevant cell, and to sub-
sequently give a qualitative judgement (by choosing from a drop-down list in the yellow cells) (see
below), if

* ‘no action’ is required, because the policy is adequate to cover the implementation of the tech-
nology application case, or if

+ policy ‘adaptation’ is required, because the existing policy is not adequate to cover the imple-
mentation of the technology application case, or if



+ the ‘NEW development’ of a policy is required, because the relevant STEEPED aspect or attrib-
ute is currently not covered by a policy.

Figure shows an example of the Policy Identification Exercise, which participants of Project Work-
shop 1 are asked to conduct (if breakout session time allows).

Figure 3. Excerpt of the policy identification exercise. (NOTE the excerpt shown has been
completed with an example case-study of ‘3D Organ Printing’ (low TRL) for illustration pur-
poses.)
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In discussing the future of STI policy we should address the issue in terms of pluralities. This means
that the new framing of STI policy has to be based on the interconnections/interplays of changes, in-
cluding the changes in the geopolitics of science, related to the pluralities of contexts, contents and
futures of STI policy at national, regional and global level. Traditional STI policy design principles and
process have limited capabilities when applied to complex interrelated challenges. Integrated STI
policies are needed in response to the interconnected problems. The future of STl policies is about
making decision within ‘evolving systems’ and processes of continual change and evolution as well
as interactions between knowledge, values, institutions, systems and people in the context of com-
plexities and uncertainties.

We are at a turning point for a complexity-based approach, systems approaches to frame STl for a
new global vision of the scientific endeavours and related science policies, based on interconnec-
tions, interfaces, participation, discussion, consultation, cooperation, and coordination of perspec-
tives at national and global level. The challenge is how redefine the science policy agendas in a co-
herent way in order to ensure” no one is left behind” which means for the full benefit of all individuals
but all countries.

How to respect national policy space for sustained, inclusive and sustainable economic growth, in
particular for developing states, while remaining consistent with relevant international rules and com-
mitments (Agenda 2030, the Sendai Framework for disaster risk reduction, the Addis Ababa Action
Agenda, the Climate Change agreements)?

How to translate in action the universality principle embedded in the SDGs taking into account differ-
ent national realities, capacities and levels of development and respecting national STI policies and
priorities. The 2030 Agenda represents an opportunity and an obligation to change to way STI poli-
cies are designed.

The transformative dimension of the Agenda calls for different and disruptive approaches. Based on
a more comprehensive vision of development, the implementation of the Agenda 2030 requires inno-
vative integrated (overcoming the “silo” approach) STI policies, informed by solid evidence, that are
transversal under the imperative of sustainability. Inclusive policy processes, based on new forms of
participation and partnership and multilevel governance reforms will be needed A well-integrated and
coherent STI policy design and implementation will require a solid framework of mechanisms and
instruments to inform policy and ensure accountability. This will require intensified efforts to address
the deficiencies that exist in many developing countries, particularly LDCs and SIDS. Data is critical
to make the right decisions, develop adequate policies ensure their success, continuously review
progress, and evaluate results and to draw lessons learned.



The 2030 Agenda for Sustainable Development underscored that data is key for effective policymak-
ing and decision-making, as well as for reviewing progress towards the Sustainable Development
Goals (SDGs) and for ensuring that no one is left behind. It called for ensuring that data is of high
quality, accessible, timely, reliable and disaggregated. To better reflect the role of STl in achieving
the 2030 Agenda, there is therefore a need for a fuller set of information than currently included in
the core set of global SDG indicators. UNESCO, through the UNESCO Institute for Statistics (UIS),
mandated to collect STI statistics and will lead the process to develop the thematic set of STl indica-
tors for the SDGs. Such a thematic set would provide an integrated approach covering all aspects of
STI, provide a means of advocacy for STI and raise its visibility, give information to policy makers on
where to focus their efforts to achieve the SDGs, and point to areas where there is the greatest need
for capacity building.

A thematic set of STI indicators for the SDGs should provide broader and more detailed information
on the STI components of the SDGs and targets as well as on the STI commitments made in the Ad-
dis Ababa Action Agenda. This is in line with the commitment expressed in the the 2030 Agenda by
all countries “support developing countries, particularly African countries, LDCs, SIDS and LDCs, in
strengthening the capacity of national statistical offices and data systems to ensure access to high-
quality, timely, reliable and disaggregated data”. UNESCO is well positioned to contribute to the dis-
cussion about the future of STI by sharing/presenting its experience in science policy both at national
and global levels. In fact, UNESCO contributes to the overall implementation of Sustainable Develop-
ment Goals by providing policy assistance to support developing countries in strengthening their sci-
entific and technological capacity, and to help Member States design effective policies, based on the
best available knowledge, including local and indigenous knowledge systems.

At global level UNESCO, through the UNESCO Science Reports, provides a global comprehensive
picture of the many facets of science in an increasingly complex world — including trends in innova-
tion and mobility, issues relating to big data and the contribution of indigenous and local knowledge
to addressing global challenges. Furthermore the Organization is part of the major STI global initia-
tives (UN Secretary-General's Scientific Advisory Board, Agenda 2030, United Nations Inter-agency
Task Team leading the global Technology Facilitation Mechanism (TFM), etc). By virtue of its univer-
sal mandate, actions and competencies in STI policy, UNESCO may provide some insight in practi-
cally addressing the issues of “The Context, Content and Future of STI-Policy: Towards a New Fram-
ing” by providing the perspective from both developed and developing countries, particularly Africa
and SIDS.

How to build a broad —based approach towards an effective and coherent governance of STI in Af-
rica? What kind of policies and institutions have to be formulated for a better governance of STl in
Africa, particularly with regard to the 2030 Agenda for sustainable development in Africa In conclu-
sion, how to create new sources of dynamism in STI policy framing to catalyse positive transfor-
mation for the benefit of all and to find new solutions that are effective, just and inclusive, to eradicate
poverty, to stimulate sustainable growth, to strengthen social cohesion? This is the fundamental
questions that need to be addressed when discussing the future of STI policy.
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Background

New threats & shocks (and Opportunities) in their Global and Domestic Environment increasingly
pose significant Challenges for countries to adapt to. Examples are Disruptive Technologies (Christi-
ansen 2002) such as Atrtificial Intelligence, Deep Learning, Robotics and 3D Printing with negative
implications concerning continued Unemployment, Income Inequality (Picketty 2014, 2015), Inclu-
siveness & Social Resilience and even Personal Security; Climate Change; wars + new lethal weap-
ons +Data Security/Cyber vulnerability; new health threats/challenges, "System Failures” derived
from enhanced complexity of economic, social, political and legal systems and associated difficulties
(both in ascertaining and applying adequate regulatory systems); weak & ineffective government sys-
tems due to ‘short termism’ and ‘politics’ or weak capabilities and/or out-of-date policy perspectives
or misplaced ‘objectives’, etc.

The above Threats plus the enhanced importance of Radical/Type 2 Uncertainty (Taleb 2007) pose
new strategic challenges which countries (and Governments) find difficult to adapt to i.e. the outcome
being “weak CA”.

Many thanks to Riccardo Galli for his continued support during all the phases of this project.

Country Adaptation (CA) and the CA System

Effective Country Adaptation to such (and other) changes is necessary and even key for the steady
& sustainable well-being of its inhabitants. It involves much more than reasonable performance today
in areas such as GDP/growth, Aggregate Investment, Inflation, Debt Reduction and Productivity; and
is likely to be a much more complex affair than an effort which strongly focuses on Macro-Economic
policies while underestimating the criticality of an evolving set of specific/structural investments and
other ‘Government actions’ which are of ‘strategic importance’ for effectively confronting the above-
mentioned Threats and Challenges in the short, medium and long term (including potential future re-
ductions in GDB and citizen welfare)3. It follows that —over and beyond Macro-Economic objectives,
a Country Adaptation approach should consider other Overarching National Goals (ONGs) [and as-
sociated Priorities/Priority areas] such as (or related to) ‘Employment’, ‘Inclusiveness and Social Re-
silience’; ‘A Flexible Government/Political System’ who supports ‘Liberal Values’ & 'Justice for all Citi-
zens’; ‘Climate Change’, ‘Minimizing the impact of Floods & Draughts’ and ‘Avoiding & Confronting
Famine’; ‘Avoiding/Dealing with New Conflicts and Data/Cyber Security’; ‘Confronting New/Existing

3 For an extreme example of investments and other actions directed to avoid such inter-temporal System Failures, see Finland’s policies with respect to
nuclear waste in “To the next ice age and beyond “, The Economist, April 15th, 2017]



Health Hazards’, ‘Updated Education and Training’; etc- some of which might not be easily measura-
ble.

In the paper | refer to a CA function and a CA system and aspects of their links with ‘Global Adapta-
tion’. | argue here that effective “Country Adaptation” to Threats /Challenges/Opportunities should
involve or should consider the following -

+ Country Vision and a related set of frequently inter-linked Overarching National Goals (ONGs),
which determine the CA-function and CA System;

* Such ONGs and their relative weights in the above function & system are likely to change when
the country is confronted with new Threats/Challenges/Opportunities;

+ Each ONG should be linked ‘downstream’ to one or more knowledge-intensive & policy relevant
Strategic Priorities (belonging to an evolving set of N&GS);

» A Strategic Priority [whether ‘National’ or ‘Government’, and in contrast to a simplistic and not
fully developed ‘Nominal’ Priority]_is a Body of Knowledge involving Background, Narrative &
Past Events, Forecasts & Future Scenarios; Links with other Strategic Priorities; the Implementa-
tion Profile (including key issues and decision points), and the associated Recommendations
and ‘General Policy Objectives’ ; and,

for each Government Priority within the above set,

* ‘Downstream’ Policy Design and Implementation on the Ground by policy makers-- which should
be consistent with the above-mentioned General Policy Objectives and Implementation Profile (a
fact requiring close priority-policy coordination).

Throughout a distinction should be made between i) N&GS-“K” (the ‘Knowledge Component’ of a
N&GS resulting from ‘upstream’ priority formulation or priority setting in what could be termed the
country’s ‘Strategy and Policy’ System, and the ii) N&GS-*I” (the ‘downstream’ priority ‘Implementa-
tion Component’ in terms of policies-including Strategic Innovation Policy(SIP)- on the ground’).

Dynamic Sequence 1: Creation of a Simplified CA System*

Threats/Challenges/Opportunities- > Identifying a relevant set of ONGs >
>Autonomous Formulation of a N&GS-“K” by priority setters 2>
General Policy Objectives (for each Government Strategic Priority)--> -2
- >Priority-Policy Coordination + mutual feedback (Pri. Setters and Pol. Makers) 2>
-2>(Specific Policy Design & Implementation on the Ground [N&GS-:I"]>
—>Country Adaptation

The above sequence describes-in a very simplified way- ‘creation’ of a CA System in response to a
particular set of new Threats/Challenges/Opportunities. A related sequence would describe the Stra-

4 For expositional reasons the Dynamic Sequence that follows ignores feedback effects and other non-linearities as well as the impact of ‘exogenous’
events such as new Threats/Opportunities (some of these will appear in the full paper). It also ignores the possible links with SIP as well as interac-
tions with the political process (which also appear in the text).
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tegic Re-orientation which follows important New Threats/Challenges/Opportunities (actual or ex-
pected/forecasted), the outcome being a ‘modified’ CA system. It is likely that both (but especially the
former) require at least a measure of ‘Re-invention of Government’.

Close interaction and coordination between (autonomous) priority setters on the one hand and policy
makers on the other; as well as good inter-Ministerial coordination --are key both for creation of a
N&GS and for any ‘Strategic Re-Orientation’. Moreover, creation of a N&GS and its implementation
on the ground require Government to re-invent itself (similarly with significant ‘Strategic Re-Orienta-
tion’ situations triggered by important changes in the set of Threats/Opportunities). While a ‘Flexible
Political System’ would be an asset it should be complemented by another ONG entitled “A Strategic
and Entrepreneurial Government (and/or State)” 5. Implementing such re-orientation ‘on the ground’
might require an important set of new and coordinated policies e.g. Strategic Innovation Policy (SIP)
and new patterns of ‘policy interconnectedness’.

Priority-Related System Failures (SFs)

From the perspective of this paper, Venezuela and Argentina might be examples of significant CA-
related System Failures® the outcome both of ‘failed policies’ (which to some extent did not respond
to the requirements for effective Country Adaptation in the presence of new Threats/Challenges/Op-
portunities) and from weaknesses in their social, economic, and political systems.” Other countries
including some in Europe might also have experienced CA-related System Failures. A System Fail-
ure in Israel relates to its political un-willingness to significantly improve and extend Education and
Training (especially to and for the poor who represent a high proportion of overall population by
OECD standards). Another is its failed response to new opportunities for achieving peace (see
among others the seminal articles in Israel’s ‘prime’ newspaper, ‘Haaretz’ during 2014 & 2015, by
the-or one of the-leading political scientists of that country, Professor Y. Dror).

This paper will focus on-and provide between ten and twenty examples of- ‘priority-related’ ['Strate-
gic’]System Failures spanning a number of countries and areas.

Note that this paper’s view of System Failures derives from policy systems which—due to ‘politics’,
non-awareness of the new requirements for policy making, ‘corruption’ or ‘rigidities in the Govern-
ment/Political Systems’--are not ‘strategic’ or ‘strategic enough’ (see N&GS-“K” and N&GS-“I” men-
tioned above). One aspect of such a deficiency is not seriously considering (i) Inter-Priority links
(‘upstream in the country’s ‘Strategy and Policy System’) nor ii) ‘policy’ inter-connectedness patterns
and links (‘downstream’ in such a System).

This paper also argues that frequently, an important component of a ‘friendly’ CA system is a shift to
Strategic Innovation Policy (SIP).

Policy Inter-connectedness and its contribution to Country Adaptation

Searching for and implementing effective policy inter-connectedness patterns may be critical nowa-
days e.g. as part of the response to the growing Unemployment resulting (or which may in the future
result from) Al, outsourcing, and other factors such as changes in the competitive advantages of key
industries or sectors. Over and beyond traditional policies such as wage flexibility and lowering the
cost of employing and firing workers [and some Vocational Training, which is not always sufficiently

5 This links with a key ONG related to the Entrepreneurial State of the literature (Mazzucato 2012, Bonvillian several articles). This paper’s approach is that
the Government and State must be both Strategic and Entrepreneurial, especially in periods characterized by frequent & violent changes in the
Threats/Challenges and Opportunities facing the country concerned. Moreover, and related to this, | also contend that Strategic Innovation Policy
(SIP) could play important roles (both ‘direct’ and ‘indirect’) in the above processes e.g. by reducing the risks of CA-unfriendly ‘political fragmentation.

6 At least in relation to the general conceptual framework of this paper and even from the point of view of the ‘specifics’ of Dynamic Sequences 1 and 2.

7 Other countries or ‘countries in the making’ which seem to be in or close to a Valley of Death (which-due to Path Dependence, may be very difficult to
overcome), will be mentioned in the main text of the paper (not that such a Valley of Death may be the outcome of continued non CA behavior).



updated], a ‘policy inter-connectedness’ view will also consider other policies which overall enhance
‘Inclusiveness and Social Resilience’ including through positive impacts on Employment. Thus side
by side with policies which directly focus on creating new jobs, other indirect impacts may result from
continuously updated ‘Vocational Training Policies’, ‘Industrial & Innovation Policies’ directed to up-
grade existing (or create new) sectors/industries; enlightened ‘support of SMEs and entrepreneur-
ship’; ‘Pre-school learning and improved Educational methods’ (including personalized learning and
adaptation to different ethnicities), etc. And last but not least, ‘Empowerment of the less fortunate
members of society’, including the poor and immigrants (SIP 1l). Needless to say their success might
contribute to creating the political conditions for the continuation of CA policies in the future.

A key issue is the political feasibility, willingness and capacity of Governments to undertake the CA
policies mentioned above (as well as others that have not been mentioned) such as policies associ-
ated with ‘Health’, ‘Housing’, ‘Personal Security,’etc.

SIP Il deals with ‘innovative’ & integrated provision of Government Services (preferably without inter-
mediaries) in numerous areas such as Health, Education, Subsidies/Loans & Advice, etc. Such ser-
vices would be specifically directed to a variety of different socio/economic/ethnic groups including
Immigrants (where their easy & integrated access could-in certain circumstances-make such ser-
vices more effective from an immigrant absorption point of view). Their CA role may also be indirect
since--by dealing with Unemployment and thereby contribution to avoiding the ‘Political Fragmenta-
tion’ that may follow new shocks/threats it might set the base both for continued Strategic Re-Orien-
tation and for the steady implementation of CA friendly policies.

More on Strategic Innovation Policy (SIP)?

Over and beyond Traditional Innovation Policy which focuses on supporting ‘technological innova-
tion’ undertaken largely by and for market forces in the presence of Market Failure®, Strategic Inno-
vation Policy also supports ‘social/services’ innovations by and/or for other agents (including individu-
als & civil society organizations such as NGOs) directed to empower the less fortunate members of
society(SIP Il) as well as Strategy & Policy/services innovations —including organizational and institu-
tional innovations--by and/or for public sector agents or organizations including the Government itself

(SIP 111).

A small sample of Types of innovation and Areas supported by SIPIl and SIP Il follows:

‘Creating the Institutional and organizational underpinnings for an autonomous, knowledge-inten-
sive process of setting National and Government Priorities by newly formed entities without (or
with minor) ‘political interference (including likely “Strategic Re-Orientations” dictated by new
Threats/Challenges/Opportunities) (Type);

Innovation support directed to facility the process of priority setting as well as identification of
patterns of inter-priority links (Area);

Innovations in Management, Organization and Institutional set-ups both of/for firms & market
forces & for Government entities such as Secretariats/Ministries/ Policy Agencies (Area);
Enhanced access, enrichment and overall coordination of Government services tailored & di-
rected to individuals & socio-economic/ethnic groups as well as to civil society organizations(Area)
Promoting Visualization, ‘Qualitative’ Pattern identification, Super-forecasting (see Tetlock and
Gardner 2015) and Scenario Building & analysis of alternative futures (Type);

8 | focus on SIP Il and SIP Il only, since these seemed to have been least ‘recognized’ by what could be termed ‘Traditional Innovation Policy”.

9 Whi
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le Market Failure was typically associated with business R&D there were other technology-related functionalities associated with MF such as engi-
neering, design and startup of new process equipment



(vi) Techniques and procedures for ‘robust’ policymaking under conditions of strong and even Radi-
cal/Type 2 uncertainty, see Lempert 2013 (Type) (Area); etc

(vii) Innovations supporting Focused Search, Identification, Classification and Updating of inter-priority
links and policy inter-connectedness patterns (Area); etc.

Most if not all the ‘Social/Services’ innovation types are either non-physical or the non-physical part
is key. They include e.g. information, various types of “routines” (see Nelson and Winter 1982), and
Algorithms & Software among others. These and other innovative ‘technologies/techniques’ underly-
ing SIP and SIP Types could (or might increasingly) rely on Big Data, Artificial Intelligence(Al), Deep
Learning, Neural Networks, Augmented Reality, etc.

Note that a very important user of SIP would be the Government who would be ‘providing (through
SIP 1) & ‘receiving’ (through SIP IIl) innovative services’ in the context of Re-inventing itself with the
aim of enhancing its role in continued CA (SIP lII).

Dynamic sequence 2 which follows complements Dynamic Sequence | by focusing on the possible
roles of SIP Il and SIP 1l on effective CA.

Dynamic Sequence 2: Impacts of SIP Il and SIP Ill on CA/Strategic Re-Orientation0
New Threats/Challenges--2>SIP |1 ->"Improved CA-friendly Political Conditions”

SIP Il *: Institutional & Organizational Changes 2SIP Ill a>
>N & GS-°K” (‘Strategic Re-orientation -knowledge component) 2>
-> SIP Il **: Institutional & Organizational Changes-—> SIP Il b
Inter-connected ‘Downstream’ Policies (& associated organizational and institutional changes)
- Continued CA

Symbols

SIP 1l *- Innovative Support of Institutional and other Pre-Conditions [‘autonomy’ in setting most
stragic priorities without political interference)for a continuously updated N&GS;

SIP 1l a- Innovative Support of ‘Knowledge Creation’ in upstream Strategy formulation;

SIP Il **- Innovative Support of changes in the institutional, organizational & behavioral underpin-
nings of the policy formulation and implementation process;

SIP 1l b- Innovative support of Policy Implementation on the ground

10 Future work will enrich the type and impacts associated with Dynamic Sequences 1 and 2 by considering feedbacks, exogenous changes and calendar
time.



Final Remarks

This paper focuses on the notion of Sustainable Country Adaptation (CA) to a continuously changing
set of new Threats/Challenges and Opportunities facing it and on its response in terms of the ‘up-
stream’ and ‘downstream’ components of its ‘Strategy and Policy System’. The ‘upstream’ compo-
nent comprises a National & Government Strategy (N&GS, or set of National and Government Stra-
tegic Priorities, each one involving a continuously updated Body of Knowledge); and a ‘downstream’
policy making on the ground component. Each Government Strategic Priority includes a General Pol-
icy Recommendation which policy makers must in principle comply with when formulating their Spe-
cific Policy Design and Implementation on the ground.

Further work will make explicit the nature of the CA function and of a broader CA system (which will
also link each ONG of the function to the specific Threats/Challenges and Opportunities facing the
country).

Over and beyond the enhancement of Traditional Innovation Policy (SIP 1), Strategic Innovation Pol-
icy (SIP) includes two important components-SIP Il and SIP Ill. Both play very important roles in the
dynamics of CA as reflected in Dynamic Sequences 1 and 2. SIP Il deals with Empowerment —
through the provision of sophisticated, integrated and personalized services directed to the less fortu-
nate members of society; while SIP Ill-supports innovations concerning the institutional, organiza-
tional and managerial aspects underpinning both Creation of a N&GS and Strategic Re-Orientation
(of an existing N&GS ) and ‘downstream policy making on the ground.

The paper emphasizes the importance of avoiding political fragmentation when confronted with new
Shocks/Threats and the emergence of CA-un-friendly Governments. Otherwise they risk entering a
Valley of Death which could make it very difficult ‘to get out of’ (Note that sustainable CA involves
much more the focusing on Macro-Economic policies).

Future work will incorporate feedback effects, learning and exogenous events into existing Dynamic
Sequences; while also presenting new sequences (maybe by incorporating different types of System
Failures originating both on new Threats/Challenges and on weak domestic responses).

The paper includes both a relatively extensive analysis of what a National and Government Strategy
is all about and a number of additional Dynamic Sequences (future work will be more specific in cre-
ating —through an analysis of feedbacks, etc-a number of ‘stylized’ Dynamic Sequences -each one
adapted to a particular country type). Together with future work, it will also summarize and justify the
‘qualitative orientation’ of the methodology utilized, particularly for situations where the global system
is undergoing a process of ‘Paradigmatic Change’. | will also speculate how, in these troubled times,
the paper’s framework of analysis might be useful to individual countries searching for new ap-
proaches to strategy and policy making. Presumably there may also be some implications for Global
Adaptation.
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International research collaboration is one of traditional and increasingly important forms for organi-
zation of research and production and knowledge. While scientists have already for centuries ex-
changed information and interacted across borders in networks known as ‘invisible colleges’ (Wag-
ner, 2008), today international research collaboration is intensifying. One of typical indicators of inter-
national research collaboration, namely international co-authorships have increased from 10% of the
Web of Science articles in 1990 to 25% in 2011 (Wagner, Park and Leydesdorff, 2015). A number of
reasons internal and external to science are usually invoked to explain growth of international re-
search collaboration including increasing specialization of science, escalating costs of equipment,
development of information and communication technologies, and need to address cross-border
challenges.

Support for international research collaboration has also been on agenda of international organiza-
tions, European Union institutions, national governments, and private foundations that see interna-
tional research collaboration as one of the ways to address so called Grand Challenges, i.e. major
socio-economic problems in areas such as energy, health and environment (Ulnicane, 2016). How-
ever, a message emerging from some of the main contributions to (international) research collabora-
tion studies is quite sceptical about the role of public policy. A number of key authors on this topic
(Engels and Ruschenburg, 2008; Melin, 2000; Wagner, 2008; Wagner and Leydesdorff, 2005) sug-
gest that successful research collaborations result from self-organization of scientists who know best
with whom to collaborate and how to organize their collaborations, while public policy play a limited
or even counter-productive role facilitating emergence of ‘artificial networks’ lacking coherence and
ability to produce high quality research.

Against this background, this paper analyses long-term international collaborations in nano S&T in
Europe to study, firstly, if and what role do public policy play in shaping these collaborations and,
secondly, how does self-organization of scientists and role of public policy interact in these collabora-
tions. The seven international research collaborations studied have lasted for more than 10 and
some even 20 years and have included informal collaboration outside common externally funded
projects as well as a number of common projects funded either by bilateral or diverse European
funding schemes (FET, Marie Curie training networks, European Science Foundation projects, etc).

The seven longitudinal case studies integrate multiple data sources including publication, project, or-
ganizational and CV data, interviews with 61 collaborating scientists and site visits to 31 leading
nano S&T institutes in Germany, Netherlands, France, Belgium and United Kingdom (Ulnicane,
2015). Data collection in particular focused on continuity and change in long-term collaborations,
namely if and how externally funded projects within these collaborations influence choice of topics,
partners and forms of interaction. A specific method of individual research trails was used to study
continuity and change of topics of collaborating scientists. Individual research trails (Glaser and Lau-
del, 2015) study bibliographic coupling (understood as common references) among publications of a
scientist; combined with analysis of acknowledgments in these publications, it allows to analyse if a
new externally funded project leads to a change of research topic.

Evidence from the case studies suggests that in successful long-term collaborations self-organization
of collaborating scientists and influence of policy are not always conflicting forces in tension with one
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other but often reinforcing processes. Strong self-organization dynamics typically explain emergence
of collaboration when core partners decide to start common research as a result of initial interaction
during research visits, conferences, etc. Then very quickly self-organization begin to interact with pol-
icy when key collaborators choose which policy scheme they are going to apply for common exter-
nally funded projects that best fit their research agendas and strategies. Requirements of different
funding schemes for international collaboration (e.g. different schemes supported by the EU Frame-
work Programmes) vary considerably in terms of aims, thematic guidance, type of research, partners
and forms of interaction, as well as size of projects supported. While previous studies have sug-
gested that specific requirements of funding programmes might lead to counter-productive ‘artificial
collaborations’, evidence in this study indicates that key collaborators very carefully choose among
diverse funding schemes to find the one that would provide the best opportunities to do exactly kind
of research that they want to do — for some networks that mean applying for a funding scheme sup-
porting applied research on a pre-defined topic they have collaborated before, while for other scien-
tists it mean applying for a research training network scheme allowing to do fundamental research on
a topic of their own choice. Although collaborators might find some funding scheme requirements —
on interdisciplinarity, heterogeneous partners, and accountability — challenging, they also appreciate
long-term benefits of learning about other disciplines and extending their networks. Moreover, self-
organization can also have problematic side when it facilitates narrow networks where inclusion/ex-
clusion is based on gender and national stereotypes, which policy attempts to counter-act.

The proposed topic on relationship between the role of policy and self-organization in international
research collaboration is highly relevant for the topic of the conference ‘The future of STI — The fu-
ture of STI policy. New practices and models of research and innovation as a challenge for STI pol-
icy’. As international research collaboration is increasing and as STI policies are increasingly con-
cerned with supporting research tackling cross-border social and economic challenges, it is important
to understand not only opportunities for future STI policies but also their limitations and interactions
with other processes such as self-organization of the research community that can be an important
factor for success of policies. This paper takes an innovative approach to study the role of STI poli-
cies because it does not start with a specific funding scheme and then assess its affects but it rather
starts with successful international collaborations lasting over 10 and 20 years and leading to diverse
scientific outcomes and outputs and then carefully traces if and how policies — in particular funding
schemes — have influenced these collaborations. The paper uses a number of innovative methods
such as longitudinal case studies and individual research trails of collaborating scientists to do that. It
provides important lessons on the role of self-organization and bottom-up processes for success of
STI funding schemes which are particularly relevant in times when policy-makers prioritize top-down
initiatives as the main way to support research tackling societal challenges.
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2 Track 2: The Impact of STI-Policies on the Organization of Re-
search and Production of Knowledge

Track 2 was organized by Siri Brorstad Borlaug (R-QUEST and NIFU Nordic Institute for Studies in
Innovation, Research and Education) and Merle L. Jacob (Department of Business Administration,
School of Economics and Management, Lund University) and included five Sessions.

This session is devoted to understanding how new developments in the governance of science, tech-
nology and innovation create impacts at the level of the organization and production of knowledge.
The combined effect of EU and national funding practices have led to a significant number of
changes at the level of how research is organized and conducted in individual European member
states (e.g. Edler et al. 2012; Nedeva 2013). Previously an intensely national effort, STI policies have
been incrementally nudged towards a common set of objectives and practices. While debate rages
on the degree of isomorphism created by the multi-level governance initiatives that characterize poli-
cymaking in the EU member states, the last ten years have witnessed a change in the direction of
coordination to include coordination of the systems for governance in and of themselves. This is evi-
denced in among other things, the increased focus on collaborative priority setting in STI policy and
the introduction of joint programming at the EU and national levels.

Further examination of different national efforts in key areas such as funding instruments and evalua-
tion practices would however reveal that the curtain of sameness often disguises significant differ-
ences at the level of implementation, reception by target communities and policy design (Lepori, B.
2011; Borlaug 2015; Whitley 2003). Noteworthy examples of areas where these effects may be ob-
served include the popularity of Centre of Excellence initiatives and the overriding policy consensus
that grand societal challenges constitute the appropriate priority setting mechanism for all member
states. Likewise, the frequency with which member states ape the European Research Council’s
Starting and Advanced Investigator Awards suggests that the rhetoric of path breaking research is
also a key element in the increasing convergence of policy instruments. Other areas may be indica-
tors for performance-based funding, which have attracted a great deal of attention both from scholars
and stakeholders, but the impact of which is nevertheless under explored (Glaser and Laudel, 2016;
Aagaard and Schneider, 2015).

The session seeks to attract papers which will enhance our knowledge on the impact of STI policies
on the organization and production of knowledge. This session invites conceptual and empirical pa-

pers that focus, on among other things, the impact of funding structures and the distribution of fund-

ing on the strategic capabilities of public research organizations and research performance; the role
of collaborative governance initiatives; changes in the governance of funding streams and new mod-
els of research and innovation, e.g. stronger involvement of social actors, responsible research and

interdisciplinary research. We invite papers on questions such as:

* In what ways may policies for excellence affect the strategic capabilities of public research or-
ganizations?

* How do different funding structures and streams impact the production of scientific knowledge?

+ How do collaborative governance initiatives and the inclusion of other social stakeholders impact
the organization of research and research content?

+  Whatis the role of governance in promoting new fields of research and innovation?

Several scholars have examined questions similar to the above using neo institutional or rational
choice frameworks. There is also a significant number of historical studies which provide rich mate-
rial for using the past to provide more fine-grained understanding and analyses of the effects of dif-
ferent governance initiatives on the evolution of national research systems. We welcome papers
based on all types of research methodologies and theoretical frameworks as diversity is an important
prerequisite for furthering the frontier of knowledge.
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1. Background and relevance

This paper investigates universities’ strategies and strategic capabilities in the process of supporting
and obtaining large research grants. The latter decades have seen an increase in large funding
schemes, such as Centres of Excellence, with the purpose of concentrating resources on to the best
research groups and to contribute to a structural change in the universities and the broader (national)
research landscape (OECD, 2014; Langfeldt et al. 2013). While research on large funding schemes
has contributed to enhance our knowledge on how such grants may affect researchers’ behaviours
(Bloch et al., 2014; Laudel & Glaser, 2014), the issue of how and to what extent universities adapt to
these policies remains relatively underexplored.

We seek to illuminate the demands posed on the universities in the competition for large grants, and
their strategies in responding to these, through a study of the Swiss scheme for National Centres of
Competence in Research (NCCR). This is a key funding scheme for long-term collaborative efforts
for cutting-edge research in Switzerland, expected to have substantial structural effects on the re-
search at the home institutions and the Swiss research landscape. The centres are selected based
on open calls for proposals and an extensive review process. Four calls for NCCR proposals have
been issued by the Swiss National Science Foundation (SNSF) since the start (1999).

2. Theoretical framework and research questions

Universities are increasingly subjected to demanding performance requirements, broadening func-
tions/missions and efficiency pressures, and they have to compete nationally and internationally
against each other for prestige, resources and staff (Edler et al. 2014). As a consequence, many uni-
versities (and other PROs) attempt to manage research activities — through supporting effective re-
search portfolios, and establish structures and processes that are attractive for excellent researchers
of all career stages. The cumulative effects of changes — in amongst others financing and policy, and
increased globalisation and competition — have thus mitigated the role of the universities and their
strategic capabilities (Berman and Paradeise, 2016).

Studies of impact of large funding grants on universities argue that, while they provide prestige, repu-
tation and money and as such being attractive to the universities, the grants do not enhance organi-
sational capabilities as they bind up resources, strengthen fields of research that might not have
been built within the strategic planning of the university and as such reduce universities strategic ca-
pabilities (Edler et al. 2014). In the same vain, some argue that the declining role of institutional fund-
ing and conversely the increase in external funding has posed a shift in the authority relation from the
research organisation’s top management to the research group leader. Less dependence on institu-
tional funding could mean that the research organisations lose their ability to influence research
groups top-down (Verbree et al. 2015; Whitley & Glaser, 2014). This poses challenges for university
managers.
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In the paper, we address these challenges and tension by asking: What are universities’ strategies in
obtaining large research grants and how do they adapt to the demands of these funding schemes?

To investigate this further we apply resource dependency theory (RDT) as analytical frameworks.
The key elements of RDT are the organisation’s capability to make strategic choices and the adap-
tive capability to ensure a sufficient flow of resources to the organisation (Pfeffer & Salancik 1978).

3. Methods and empirical material:

The paper builds upon a study of the selection of NCCR grants, including the requirements, review
criteria and demands of the schemes, and the applicants’ and universities’ response to these criteria,
requirements and demands (Langfeldt and Borlaug 2016). The data include documentation of the
funding scheme’s requirements and selection process (Terms of Reference, guidelines and proce-
dure descriptions, application and review data) from the two last NCCR calls, a survey to the appli-
cants participating in these two calls, interviews institutional leaders at selected universities which
had applied (potential home institutions of NCCRs) and interviews with selected applicants and other
stakeholders (funding agency representatives and reviewers).

The interviews with the potential home institutions included questions on their strategies for the inter-
nal pre-selection of applicants and their views on the requirements and selection criteria of the
NCCR scheme. Leaders at five of the 11 universities which participated in the last call for NCCR pro-
posals were interviewed. The survey to the applicants (potential NCCR directors) addressed their
university’s pre-selection process as well as a number of questions on their experiences with the ap-
plication and selection process organised by the SNSF. In total 58 of the 113 applicants in the two
last calls filled in the questionnaire (51% response rate). In addition to their survey response, five re-
spondents took part in individual interviews elaborating their replies.

The aims and demands of the NCCR scheme:

The NCCR are prestigious and large both in terms of funding (3-5 million CHF per year over a 12
year-period) and in size as the centres involve different research partners with one “host institution”.
Although the scheme offers a large grant, it also requires considerable co-funding and entails large
expectations to the contribution from the host institution. Moreover, a main goal of the schemes is to
enable structural change at the home institutions, facilitating interdisciplinarity/new approaches and
concentration of efforts. The combination of large co-funding and structural change, imply that the
potential home institutions are expected to take actively part in the selection process. Both for the
pre-proposals and the full proposals the applicants need a letter from their home institutions pledging
support thought the 12 year period in terms of personnel, funding and implementation of necessary
structural measures. The home institutions may initiate and encourage ideas for NCCRs, organise
internal preselection of the pre-proposals to be submitted to the SNSF, as well as screening for the
full proposal stage. Hence, the applicants are reliant upon support of their home institutions in order
to succeed in the competition for the grant, implying an inherent tension in the scheme as the pro-
cess is supposed to be bottom-up and research driven.

In selecting the proposals to support, and in formulating their support letters, the home institutions
need to take into consideration a broad range of NCCR selection criteria in order to enhance the
chances of obtaining these large grants. In addition to the scientific aspects of the proposals, the
NCCR call lists a broad set of structural criteria for the SNSF’s assessment of the proposals: the sig-
nificance of the topic for Swiss research, goals with respect to knowledge and technology transfer,
the advancement of young researchers and women, the budget and the suitability and support of the
home institution. Moreover, another aspect of the NCCR selection process may entail tensions and
concealed priorities within the universities: as part of the selection process, the funding agency and
state secretariat has a formal meeting with each of the applicant institutions, in which the results of
the pre-proposal stage are explained and questions regarding the university’s commitments are dis-
cussed. In these meetings the institutional leadership participates, whereas the applicants/potential
NCCR directors are not invited.



4. Preliminary findings

Our preliminary findings suggest that the small universities have an explicit and transparent strategy
for selecting and supporting NCCR applications. The large universities, on the other hand, seem to
apply a more implicit strategy in the sense that all may apply, but that the universities express their
support to specific grants in their direct communication with the SNSF, or more indirectly in differenti-
ating formulations in the support letters for their different proposals. This has obviously some nega-
tive effects. Concealed priorities (as well as explicit ones) create frustrations and tensions within the
universities. With concealed priorities also comes the loss of time spent on preparing applications
that are not given priority by the university.

Furthermore, the universities commit resources and support in the application process, sometimes
without knowing if the resources will be realised, as this depends upon the opinion and support of
other stakeholders such as the university board or the cantonal authorities. They also have different
risk strategies: Some support more proposals than they can afford in terms of co-funding, calculating
that not all proposal will be successful. Others only support the number they can afford.

The different strategies will be discussed from a resource dependency perspective.
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Introduction

It is generally accepted that the production and accumulation of knowledge is central to innovation
and economic performance (Arrow, 1962; Asheim et al., 2006). The potential for new knowledge
development is increasing rapidly. The stock of available scientific knowledge is growing, there are
many more researchers and engineers, in more locations around the world than ever before, and
much more money is spent on research (UNESCO, 2010). Furthermore, existing scientific
developments apply positive feedback to knowledge production since successful knowledge resulting
from one stage of evolutionary progress can potentially be used to create the next stage (Arthur,
2007). Moreover, codified information is more easily transferable across geographical space through
the Internet, digital databases, scientific journals, international conferences, mobility of researchers
and through foreign direct investment by multinational corporations (David & Foray, 2002; Heimeriks
& Vasileiadou, 2008). New opportunities for increasingly complex knowledge developments are
opening up based on this expanding global stock of knowledge.

Nevertheless, knowledge production and accumulation remain very unevenly distributed over
countries (Florida, 2005), and many countries struggle to replicate the levels of productivity and
innovativeness in knowledge production achieved in leading regions (Heimeriks & Balland, 2015).
Catching up of lagging countries is determined by their ability to absorb ideas and knowledge from
the research frontier, which requires a long-term learning perspective. Policies in which governments
intervene in the allocation of resources among fields of research can help lagging regions to learn.
Learning may be more marked in some fields than in others, and the benefits of that learning,
including the institutional development required for success, may spill over to other activities (Arrow,
1962; Stiglitz, 1999). While it is obvious for governments to invest in knowledge production (OECD,
1998), it can be difficult for policymakers to provide the right institutional settings for a range of
leading-edge science and technology fields, especially in regions that are not at the forefront of any
specific field. Convergence among countries is anything but automatic. It is conditional on specific
policies and institutional arrangements that have proved hard to identify and implement. Indeed, the
recipes seem to vary from context to context (Tédtling & Trippl, 2005). Consequently, there is no
uniform relationship between research and macroeconomic productivity growth (Van EIk, Verspagen,
Ter Weel, Van der Wiel, & Wouterse, 2015). There do appear to be country-specific effects, which
suggests that institutional arrangements and policy have an effect on the relative performance of
countries.

Science operates in a wide variety of national institutional settings. The lack of convergence toward a
single type of science system gives rise to a number of challenging questions: What are the different
kinds of science systems that exist around the world today? Why has convergence not occurred, and
what explains the contemporary variation in the ability of countries to create economic growth and
address societal challenges that crucially depend on new knowledge? Where do ‘good’ institutions
come from?



The variety of science systems remains underexplored. The weak performance of European science
in the upper tail of scientific quality, in fast moving scientific fields, and in new fields that follow a
proliferation pattern of growth, or divergent search regime requires a dynamic comparative analysis
of deep institutional features of scientific systems (Bonaccorsi & Thoma, 2007).

In this paper, we address the changing patterns of global science with respect to geography and
fields. We examine to what extent the globalisation of science is accompanied by convergence in the
level and structure of scientific output. Our contribution is both theoretical and empirical.
Theoretically, we develop a framework for understanding how different institutions enable and
constrain the ability to produce new knowledge among countries and fields. Empirically, we use time
series publication data from Scopus to investigate these patterns. The results will show under which
conditions knowledge developments fail or succeed. In a broader context, this research will help
uncover the institutions underlying knowledge-intensive societies and economies and provide
insights in the policy options for successfully expanding the knowledgebase of countries.

Background Theory

From a geographical perspective, many view science as an outstanding example of globalisation.
The dynamics of scientific research is global in nature (Heimeriks & Boschma, 2012). Science has
become a global community in which researchers produce for a worldwide commons. There remain
vast differences in S&T performance among the world’s nations. Studies in economic geography
show that regions and countries tend to expand into research activities that are closely related to
their existing capabilities (Cohen & Levinthal, 1990). Knowledge production results from locally
available skills, tacit knowledge, resources and infrastructures that both enable and constrain the
local evolution of knowledge. Knowledge production is therefore subject to place dependencies
(Boschma, 2005; Heimeriks & Boschma, 2014).

Countries differ in composition, as well as in quantity of knowledge production. Furthermore, they
also vary in the complexity of their knowledge base. Some countries are capable of contributing to a
wide range of fields (Nomaler, Frenken, & Heimeriks, 2014). Others are esoteric, producing
idiosyncratic knowledge that few other regions can make. In analogy with the production of goods
(Hausmann and Hidalgo, 2009; Hidalgo et al., 2007), it can be expected that sophisticated countries
are capable of contributing to complex topics that few other countries can develop.

From the perspective of different fields the patterns of change are also very diverse. The amount of
scientific and technological knowledge keeps growing rapidly (Alkemade, Heimeriks, Schoen, Villard,
& Laurens, 2015; Bornmann & Mutz, 2015). However, codified knowledge developments are very
unevenly distributed among topics and their aggregates in fields. Since 1970 new knowledge has
been primarily develop in a limited number of fields having to do with entertainment, communications
and the collection and processing of information. Researchers in science and technology studies
(STS) and information science argue that the evolution of codified knowledge is characterised by a
path-dependent process of branching; new knowledge is developed from recombinations of existing
knowledge. The existing body of codified knowledge thus enables and constrains the production of
new knowledge. Knowledge production is therefore subject to path dependencies (Arthur, 2007).

Fields of knowledge develop in widely different ways (Whitley, 2000). Fields differ in the extent to
which the codified body of knowledge is accumulative or divergent (Bonaccorsi, 2008) and differ in
the importance of learning processes, the socialisation of experience, task uncertainty and the
recombination of available information (Heimeriks, Van den Besselaar, & Frenken, 2008; Malerba &
Orsenigo, 1996; Whitley, 2000). Moreover, some fields and topics are much more related to other
fields and topics than others. These highly related fields have the potential to extend the research
front of many other fields, and provide more than average opportunity for diversification. This is a
vital issue because it determines the ability to accumulate new knowledge.

Bonaccorsi (2008) further shows that the dynamics of different sciences, in particular of new
sciences born in twentieth century and developed after the Second World War (information science,
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materials science, life science) thrive in specific institutional contexts, most prominently in the USA.
Recognition of the role of the development of technological knowledge opens the door to seeing a
wide range of institutions that can co-evolve with new technologies and fields of research.

Data and Methods

In this paper, we examine if the globalisation of science is accompanied by convergence in the level
and structure of scientific output. Extending previous work by (Horlings & Van Den Besselaar, 2013),
we use Scopus data (from www.scimagojr.com) on the volume and citation impact of scientific output
of ¢. 200 countries between 1996 and 2015, distinguished by subject category.

Results

We find evidence of convergence in levels of scientific output, particularly after 2000. The per capita
scientific output of smaller countries grows faster than that of larger countries. In addition, all
countries show a decrease in the overall degree of specialisation. The scientific output of nations
may follow a common growth trajectory, but there is no common development trajectory for science
portfolios.

Additional analysis is expected to show different types of growth patterns. Furthermore, we expect to
see that growth is concentrated in specific fields.

Figure 1. Field-normalised citation scores of national output for 237 countries and dependen-
cies in Scopus, 2013-2015 (USA=1)

Source: Scimago Journal Ranking (www.scimagojr.com)
Note: Citations per citable document, excluding self-citations.

Policy implications and Conclusion

From a policy perspective, it has been long recognised that governments have an important role in
promoting knowledge production. However, they do not know how different countries can reap the
benefits of new knowledge developments in a knowledge-based and globalizing economy. It
becomes a pressing issue what country- and field specific strategies are available for governments to
capture the economic benefits of new knowledge developments and to address new societal
developments. The results of this study will open up new lines of research in understanding the
geographical and field specific possibilities of knowledge production and innovation. This can help
policy makers to make decisions tailored to specific institutional arrangements in relation to different
regions and fields. Within Europe, our findings may support the development of the European
Research Area.
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“Does science policy change science?” is a question that has been asked in various different
contexts. Naturally, the answers vary depending on the analytical framework that has been applied.
However analysis inevitably suffers from methodological issues around identifying and measuring
change, and attributing it back to a specific science policy.

In this paper we experiment with an alternative framework to tackle this question which, we believe,
bypasses the most acute issues with the study of policy impact and change of the public science
system.

The framework we propose draws on two dimensions of the interactions between science policy,
implementation and public research organizations. First, we explore the level of alignment between
the ‘ideology’ of the science policy and the ‘ideology’ of the public research organization subjected to
the policy. Second, we look at the level of efficiency of the implementation mechanisms of the policy.

Taking these two dimensions into account produces a matrix of the following possibilities in terms of
change: 1. Ideology overlap and efficient implementation, leading to no change; 2. Ideology overlap
and inefficient implementation, also leading to no change; 3. Ideology distance and inefficient
implementation, leading to unpredictable change effects; and 4. Ideology distance and efficient
implementation — a case we refer to as ‘the change quadrant’.

In this paper we apply this ideology/implementation policy impact framework to analyze the effects of
a specific national research evaluation system — the UK’s Research Excellence Framework (REF)
framework — on UK universities. For this we will use existing analysis and other empirical data.
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The first Academic Ranking of World Universities (ARWU) or Shanghai ranking came out in 2003. It
was an innovation, intended to measure the performance of the best universities in the world. In this
paper, | will explore the criteria that the Shanghai ranking set and the forms global competition have
taken in higher education since its inception. Its impact has been twofold. First, the Shanghai ranking
gave the starting shot for a global competition between universities. Today, this competition is taken
for granted. Second, it defined the rules that this competition would follow: quantification of excel-
lence, focus on universities, on the hard sciences, and on English-language production. Ruled out
were qualitative evaluation, research institutions, the soft sciences, and non-English language scien-
tific production. These criteria have had a powerful impact on innovation governance, the strategies
of universities to cope in an increasingly interconnected and competitive world, the global ranking
industry of academic performance, national strategic goal setting and funding decisions, the criteria
of self-evaluation of academics, etc.
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In the last 25 years academic research in The Netherlands has seen a rise of excellence oriented
research policy instruments. These excellence funding schemes aim to selectively support high-per-
forming and high-potential individuals or organizations, in order to increase differentiation within the
science system. The Netherlands is not the only western country that has witnessed a rise of excel-
lence funding instruments. Aimost all OECD countries have implemented policies to foster research
excellence (OECD 2014). In Scandinavian countries excellent collaborating groups of researchers
are funded in Centers of Excellence. In Germany, the Exzellenzinitiative was introduced as new
funding scheme for the best universities, research clusters and research schools. At the European
level the European Research Council (ERC) has implemented several excellence grants since 2007.

So far, scholars have identified a number of effects of excellence policies at the institutional level or
the science system level (Langfeldt et al. 2015; Borlaug 2015), or have focused on the effects of one
specific policy instrument (European Research Council 2012). However, there is limited understand-
ing of the effects of combined excellence policies on the organization and production of knowledge at
group level. This paper aims to fill that gap. It builds on our previous analysis of the influence of ex-
cellence policies on excellent groups (Hessels et al. 2016), i.e. groups that have accumulated excel-
lence funding. In this paper we complement this analysis with an analysis of the effects of excellence
policies on research groups that have not acquired excellence funding, and it deepens our under-
standing of the effects of excellence policies considerably.

Excellence policies are affecting research within academic institutions. Academic careers are in-
creasingly dependent on a researcher’s success in the excellence funding schemes (Van Arensber-
gen 2014). The tendency to quantify the notion of excellence has led to research evaluation practices
based on criteria such as the number of published articles, the journal impact factor, the number of
citations and the amount of grants received (O’Connor & O’Hagan 2015)). Furthermore, the temporal
character of excellence funding favors a project based organization of performing research, and re-
search institutions adjust their allocation models to stimulate researchers to attract external funding
(Koier et al. 2016). The authors of the EURECIA-report on the effects of the ERC conclude that the
grant scheme has impact on the research of a grantee, on the symbolic capital and the career (Euro-
pean Research Council 2012).
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Scholars have expressed a number of concerns about the fundamental ideas underlying the excel-
lence policies, i.e. creating differentiation in the science system through competition and selection.
They argue that excellence policies may create a system where the 'winner takes all', that the focus
on competition may hinder cooperation (Muller 2014), or that the quality of education and broader
impact recede into the background (Stilgoe 2014).

In our paper we focus on the practices of researchers and research groups and we analyze the inter-
play between excellence funding and institutional policies on the one hand and academic research
practices on the other. More specifically we explore the consequences of excellence policies for a
broad range of research groups: from those that have gathered a number of excellence grants and
prizes, to those that lack this type of finance at all. Further, we study the effects of excellence policies
and excellence funding on the relationships between research groups and their institutional context.
Finally, we explore the influence of excellence funding on epistemic choices of researchers.

We conceptualise the research practices of research groups in terms of the ‘credibility cycle’ as intro-
duced by Latour and Woolgar (1986). This quasi-economic model explains the behavior of individual
scientists by their need for credibility. We translate this model to the group level and explore the ef-
fects of excellence funding on the incentives and rewards structuring the work of an academic re-
search group. The original credibility cycle is concerned with gaining credit within a community of
peers. We add an institutional aspect since multiple elements of the cycle (recognition, money, staff
and equipment) can also be influenced by the research institution of a research group.

We performed an analysis of sixteen research groups at Dutch academic institutions. Four of these
research groups were identified as ‘excellent’. They have shown the ability to collect large amounts
of excellence funding from governmental funding bodies on the basis of their ‘excellent’ reputation
and high-quality research proposals. We studied the four excellent research groups in detail by carry-
ing out approximately ten interviews per group supplemented by a document analysis (self-evalua-
tions, policy documents, financial accounts, etc.). The results of the four excellent research groups
are then compared to interviews with twelve group leaders of ‘non-excellent research groups’, again
supplemented by a document analysis. Non-excellent groups are, in this paper, defined as groups
that have not collected (large amounts of) excellence funding, regardless of the reasons for this situ-
ation and regardless of their academic quality.

The sixteen cases were selected, in addition to their status as ‘excellent’ or ‘non-excellent’, by using
two dimensions: the degree of strategic task uncertainty (Whitley, 1984) and the degree of collabora-
tion. We expect these dimensions to influence the interplay between excellence funding and aca-
demic research practices. For every resulting quadrant we selected four cases: one excellent re-
search group and three non-excellent research groups. This enabled us to make a systematic com-
parison between research groups within each quadrant.

We observe that the concept of excellence and the excellence policies are ever present in the re-
search practices of both excellent and non-excellent groups. Every group needs to relate to and take
part in the ‘game’ for excellence and excellence funding. Some non-excellent groups are connected
to excellence policies only through the institutional pressure they feel to (reluctantly) take part in the
competition for excellence funding. Some excellent groups, on the other hand, associate strongly
with the excellence policy. Other groups are positioned somewhere in between. We have seen no
group that could operate completely isolated from the excellence policies.

Furthermore, excellent groups experience more autonomy than their non-excellent counterparts in

deciding on their staff, their budget and research topics. The non-excellent groups have less lever-
age in the negotiations with their organizational superiors. The external recognition that comes with
obtaining excellence funds is important for internal (institutional) recognition and autonomy.

We further observe an epistemic relation between types of funding and research practices. Since the
room for funding research questions through direct block funding is strongly diminished, external



funding is a necessary condition to start new research projects. Of all available external funding op-
tions, the excellence funding schemes tend to give the grantees the most space to follow their own
research interests. Other external (non-excellence) funding possibilities are more restraining in terms
of deliverables, accountability, social relevance and arrangements with (international) consortia. This
may explain why non-excellent groups feel more restrained in their choice of research topics and ad-
just their research agenda to diverse funding organizations, whereas excellent groups experience
more autonomy to set their own agenda.
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A key initiative designed to reorganize research and innovation (R&l) in Europe is the European Re-
search Area (ERA). Based in the Lisbon Treaty, the ERA promotes very deep and broad goals, in-
cluding improving national science and technology (S&T) bases, enhancing regional and national
competitiveness, and advancing the coordination of Member States (MS) in addressing grand socie-
tal challenges. Whilst based on the Internal Market, the ERA should also be open to the world, partic-
ularly in relation to multidimensional flows of knowledge, technology and human resources. Progress
toward implementation of this European level policy initiative is largely the responsibility of national
governments, exposing tensions between the objectives of frictionless cooperation and harmoniza-
tion and the divergent realities of national institutional and regulatory contexts.

The conceptualization of the ERA (European Commission 2000) included ‘more abundant and more
mobile human resources’ as one of its foundational aspects. Four core elements of the European-
level organization of human resources for science and technology (HRST) were identified: greater
mobility of researchers in Europe; a European dimension of science careers; greater place for and
role of women in R&l; and stimulating the attractiveness of research careers among the young. While
mobility was acknowledged to already be having a substantial impact on research training, improved
knowledge and technology transfer, more inter-sectoral mobility of researchers, and the smoothing of
administrative procedures and regulatory barriers were described as achievable objectives of the
ERA. Opening up national recruitment and evaluation processes to European candidates was seen
as essential to facilitate these objectives. Raising the horizontal and vertical participation of women in
R&l, including via improving the overall taste for research careers of young people through better sci-
ence learning and education strategies for school students, are objectives that should both enlarge
and diversify the HRST talent pool.

This paper focuses on the implementation of the ERA across the first three of these four aspects. In
particular, it focuses on the interrelationships between ERA and national policy frames, researcher
mobility, and scientific careers. The paper starts by reviewing progress to date in the implementation
of the ERA with a focus on the priority ‘an open labour market for researchers’ but also with attention
to significantly overlapping priorities such as gender equality and open science (European Commis-
sion 2012, 2017). A number of key initiatives are described and discussed, including variation in the
uptake of EURAXESS services in different national systems, grant portability, and the introduction of
a European level pension fund for research (RESAVER). ERA implementation is compared across
MS for these aspects. Intersecting policies such as the Scientific Visa package and the European
Charter for Researchers and the Code of Conduct for the Recruitment of Researchers (European
Commission 2005) are also introduced.

The paper then turns its attention to research on scientific mobility. “Scientific mobility” is defined by
Mahroum (2000, p. 367) as “cross-border physical and geographic movement that comprises a stay
in another country of no less than one year.” Mahroum argues that such scientific mobility “goes
through channels of institutions that enjoy a high reputation for excellence and expertise” (2000, p.
367). We adopt Mahroum’s definition, but without the temporal limitation, as the role of short-term
mobility has also been shown to be important in some disciplines and disproportionately for women
(Cafiibano et al. 2011; Jons 2011). Studies of scientific mobility have highlighted its contribution to



building trans-national networks that sustain productive international collaborations (Woolley et al
2008) and to accessing key postdoctoral labour market entry points (Melin 2004). Stephan and col-
leagues (2014) examine the factors contributing to decisions to do postgraduate studies abroad. The
most highly rated factors are scientific factors (benefit career, faculty, prestige, networks, infrastruc-
ture and funds), whilst non-scientific factors (lifestyle, life quality, family, fringe benefits) are less
highly rated. The decision to do PhDs and Postdocs abroad are often linked to a desire to establish a
research career in the destination country subsequent to training. Franzoni and colleagues (2013)
found that migrant scientists who had been mobile for work or study outperformed their domestic col-
leagues, suggesting a productivity dividend for mobility that may benefit careers. However, another
study of researcher mobility, productivity and tenure in Spain found there was no return to careers
from mobility — at least in terms of rate of progress to achieving a tenured position (Cruz-Castro and
Sanz-Menendez 2010). There is also wide variation in the academic labour market rules, hiring and
career development approaches that impact on the degree and character of mobility into different
national systems (Stephan (2008), Fitzenberger & Schulze (2013), Lissoni et al. (2011)).

However, recent reviews of mobility and globally networked science (Flanagan 2013; Jacob & Meek
2013) highlight the still fragmented nature of research on scientific mobility and the flow-on uncer-
tainty of the policy terrain. The mixed, fragmented and mainly snap-shot research evidence that is
available on scientific mobility limits its usefulness in relation to policy development (Flanagan 2013).
It also makes it more difficult to evaluate the impact of existing policies and specific policy reforms
outside of very general arguments about facilitating knowledge diffusion and networking. We argue
that one important gap in the existing scholarship is the failure to create systematic linkages between
scientific mobility and models of research careers. Whilst studies of scientific mobility often consider
how it contributes to the development of research careers, this research tends to lack an overall
framework of research careers to deepen understanding of this crucial connection. To try and fill this
gap the European Commission established the MORE series of studies (IDEA Consult 2013), which
link mobility to a model of career stages (European Commission 2011). Whilst these studies have
produced some useful empirical evidence (Baring et al. 2013), a more comprehensive understanding
of how mobility fits into, and functions within, existing models of science research careers is required.

The third section of the paper makes a step toward addressing this problem by reviewing available
models of research careers. The aim of this review is to enable us to answer the research question:
how does scientific mobility function in specific models of research careers? Addressing this question
will then allow us to view mobility policies and incentives, such as those supporting the ERA, with a
more systematic understanding of their potential effects not just on organizing mobility but on the or-
ganization and structuring of research careers. The three models reviewed are those developed by
Grit Laudel and Jochen Glaser (Glaser 2001; Laudel & Glaser 2008), by Paula Stephan and col-
leagues (Stephan et al. 2014; Stephan and Levin 2001), and by Barry Bozeman and colleagues (Bo-
zeman & Corley 2004; Bozeman et al. 2001; Bozeman & Gaugan 2007; Dietz & Bozeman 2005).
Each of these models has different disciplinary characteristics and privileges certain assumptions
about individuals, institutions and organizations. The section compares these three models in terms
of how they define research careers, understand career progress and frame empirical investigations.
A comparison is then made of how scientific mobility functions within each of these models.

The final Discussion section of the paper draws together the elements of the previous sections. It
proposes a series of general principles for policy-making regarding researcher mobility and research
careers derived from the conceptual models reviewed. The current mobility policies supporting the
ERA are considered in light of these proposed principles. The paper contends that future efforts to
organize R&l in Europe should systematically link scientific mobility and research careers in policy
development processes. Better alignment between ERA and national level policies may eventuate
from embedding this approach to policy development. Such an approach can pay dividends for the
organization of knowledge production, not least by reducing the loss or under-deployment of highly
skilled human capital at different stages of (career) development, due to spatially, institutionally or
administratively produced mismatches between the supply of, and demand for, specialized
knowledge and capability in specific R&l contexts. The paper ends with an outline of a future re-
search agenda and how this can better serve future policy development.
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Introduction

Discussions around the nature of ‘research quality’ and how malleable it is to research policy, fund-
ing, strategy and other interventions have become prominent in academic literature in the past few
years (e.g. Aagaard 2015, Langfeldt et al 2015). Studies have been carried out to explore ‘research
quality’ in the contexts of, for instance, effective research evaluation designs and practices, the per-
formance of national and trans-national research funding arrangements, roles for research govern-
ance and management, and the quality of national research systems in the face of global competition
and collaboration dynamics (e.g. Glaser et al 2016).

Research quality as a notion has been increasingly regarded in academic debate not as some objec-
tive parameter of scientific research results or outputs, but as a normative and value-laden concept.
The way quality of research is defined can instead vary across scientific fields depending on the
characteristics of the empirical study matter and types of knowledge produced (Nelson, 2016). In ad-
dition, the way ‘excellent’ quality research is defined and promoted has been incresingly affected by
external pressures from outside simply the academic community (Watermeyer and Olssen, 2016)

The extent to which organisational and institutional actors have an impact on notions of research
quality has also not been sufficiently recognised. Some work recognizes the shaping influence of, for
instance the ‘mission orientation’ of science (Kuhiman and Rip 2014) or the impact of various
sources and conditions of research funding on the resultant epistemic properties of knowledge pro-
duced (Laudel and Glaser 2014).

Examination of notions of ‘research quality’ has variously been used as an entry point to achieve a
more nuanced understanding of the social and intellectual conditions of research, or to provide defi-
nitions (indicators, metrics) of ‘excellent’ quality research. In this paper we will instead focus on gen-
erative mechanisms through which notions of research quality are negotiated and how they are dy-
namically constituted in a number of organisational environments. We call these environments ‘sites’
where research quality notions are constituted by various actors.

We will also outline specific tensions at these ‘sites’ where research quality notions are constituted
within the public science system. We propose that values, attitudes, practices and interests of stake-
holders, such as academics, university managers, policymakers and funding agencies regarding no-
tions around research quality clash in these sites. Compromises are negotiated to alleviate these



tensions. We use the concepts of interacting ‘research fields’ and ‘research spaces’ to explain why
and how these tensions emerge in the constitution of research quality notions.

In this paper we specifically focus on dynamic tensions resulting from interactions about notions of
‘research quality’ at two particular ‘sites’, namely individual academic researchers and research-re-
lated organizational elites in administration, management and strategy roles within public research
organisations (universities and research institutes). To illustrate some of these tensions, we use ex-
amples from UK universities, set in the context of the UK’s panel peer review-based, performance-
based funding system, the Research Excellence Framework (REF).

Research quality, research fields and research spaces

The tradition of defining research quality is long-standing and has involved contributions from authors
such as Michael Polanyi, who outlined standards of scientific merit concerned with plausibility, scien-
tific value and originality of knowledge claims (Polanyi 1962). The established research tradition on
valuing science mostly looked at how research quality is assessed in a collegial manner via peer re-
views and the accumulation of reputation within meritocratic communities (Whitley 2000; Gulbrand-
sen 2000). Criteria of merit considered in these studies relate to the significance of knowledge
claims, use of sound methodologies, originality, and conformity with dominant parsadigms and with
societal values (Bazeley 2010; Lamont 2009; Lee 2015).

Additionally literature has been noted that research quality assessed ‘internally’ by academic com-
munities may differ from external assessements by administrative constituencies within public re-
search organisations, external research funders and governments (Hammarfelt and De Rijcke 2015).
However, such literature would appear to have limited power in explaining why, despite the apparent
clarity of the criteria, research quality notions can be so dynamic, local and organisation-dependent.
We therefore use the concepts of intersecting ‘research fields’ and ‘research spaces’ to explain such
inherent variances in judgements around rearch quality.

We take ‘research fields’ to be the ‘reputational units of research work organisation which reward in-
novative contributions to collective intellectual goals; control material rewards through public reputa-
tions; combine collegiality with competition; and direct research to achieving intellectual influence’
(Whitley 2000, p.34). They feature knowledge communities hosted in particular research organisa-
tions, and converge around consistent bodies of knowledge, and interact by exchanging information
and knowledge (Knorr-Cetina 1999, Crane 1972). Research fields have knowledge networks that in-
tegrate around trans-organizational and (typically) trans-national ‘cyrstallising agents’ (journals, con-
ferences, research equipment and facilities, and research training) and (re)produce ‘research quality
notions concerning research topic selection (problems, methods etc.) and complex processes for le-
gitimation of knowledge (Lukkonen and Nedeva 2010).

‘Research spaces’ are where essential relationships and exchanges play out between state/govern-
ment organizations, research active charities and foundations, research-related industry and com-
merce organizations, on the one hand, and research-performing organizations. Here the key ex-
change is generally ‘funding for knowledge’, as embodied in science artefacts (articles, books, re-
ports, datasets, equipmentfacilities, methods, new materials) or scientists themselves (capacity,
competencies). This ‘funding for knowledge’ is also framed around notions of the ‘utility’ of
knowledge, typically defined by the politically most powerful actor in the ‘research space’. These ‘util-
ity notions’ can include the desired social and/or economic ‘impact’ of produced knowledge (e.g. util-
ity for quality of life, utility for wealth creation), the desired immediacy of this impact (e.g. short-term
within current political cycles), and so forth.

Over the past few decades in European and many OECD countries there has been a gradual, cumu-
lative shift from notions of ‘research quality’ being predominantly constituted in ‘research fields’ to
them also becoming constituted in ‘research spaces’. Notions around the usefulness and validity of
research have also tended to differ in research fields and research spaces. Tensions therefore arise
in the constitution of research quality notions when the two encounter interact at certain ‘sites’ or key
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points where the ‘research space’ element of the science system interacts with the ‘research field’
element of the science system (Nedeva 2013).

Five sites to constitute research quality notions

Taking into account this fields/spaces composition of the public science system leads us to five ‘sites
that we propose are key in complex interactions leading to constituting notions of research quality:

* Individual researchers (whether organized alone or in groups of various kinds) and their research
work content;

» Public research organizations (PROs, such as universities, research institutes, that bridge ‘re-
search spaces’ and ‘research fields’, and host academic researchers);

»  Knowledge communities (visible as knowledge networks in the ‘research field’);
» Research funding agencies (RFAs, and related intermediaries in the ‘research space’); and

» High policy/political levels (typically from the national ‘research space’).

We recognise that these five sites will perform different roles, and may often have unequal status in
constituting notions of research quality. Tensions over research quality notions at each site will also
depend on the ‘research field’ in question, as well as on nation-specific arrangements to the ‘re-
search space’.

Research quality tensions at two key sites

Located at the intersection of ‘research spaces’ and ‘research fields’, research organizations, such
as universities, are a particular point where research quality notions coming from the research space
(policy and funding agencies) and notions from the ‘research field’ are very likely to collide.

The tensions over the constitution of notions of research quality indicate instances where the ‘re-
search space’ and the ‘research field’ are likely misaligned. In this section, we use two examples
from the UK university system, and its Research Excellence Framework exercise, to illustrate these
tensions (refer to Table 1 for a summary).

Table 1 An overview of some sites, tensions and research quality constitutions

Site Tension Research quality constitutions
Individual re- Research quality defined by Game-playing: Saturated targeting of high-
searchers host university as publica- ranked journals

tion in a narrow set of ‘high-

ranked’ journals VS epis-

temic expectations of aca-

demic’s research field Game-playing: Changes to research topic se-
lection, methods selection, conference attend-
ance selection etc.

Game-playing: Strategic citing of authors al-
ready published in high-ranked journals

Career strategy: Satisfy research quality no-
tions of the ‘research space’ versus those of
the ‘research field’ (if they differ)

Research or- Expectation from RFAs for Game-playing: Short-term acquisition of re-
ganizations university to improve the re- search academic ‘stars’ instead of long-term
search quality of its re- development of existing academics

search environment . . . .
f viron Research strategy: University administration

elites use journal rankings as a proxy for re-
search quality that can be ‘managed’

Source: Authors.



The ‘university’ as a site to constitute research quality

We take the specific case of the UK and its relatively long-standing, periodic Research Excellence
Framework (REF) as an instance where research quality notions have differed between individuals
and groups of academics within universities, and research-related adminsitrators and managers
within universities (see Watermeyer and Olssen 2016, Mingers and Willmott 2013, Nedeva et al
2012, Nedeva and Boden 2006).

One intended aim of the UK’s successive REFs (and predecessor Research Assessment Exercises,
RAEs) has been to encourage universities in the long-term to create research environments to ena-
ble their hosted academics to perform at the highest levels — i.e. producing published research
‘[g]uality that is world-leading in terms of originality, significance and rigour’ (Mingers and Willmott
2013, p.1058). However in some instances (e.g. see Nedeva and Boden 2006) instead universities
have chosen a ‘short cut’ of buying-in ‘star’ academics from other UK universities or from overseas
(Nedeva et al 2012). This head-hunting, transfer market university strategy (Elton 2000) represents a
short-term constitution of ‘research quality’ — a way to ‘beat the system’. In other words it shows a
tension regarding the long-term constitution of research quality.

‘Individual researchers’ as a site

Another example relates to controversies around the use of journal ranking lists as a proxy for ‘re-
search quality’ by universities in internal evaluation practices, and by external panels (Nedeva et al
2012, Watermeyer and Olssen 2016, Mingers and Willmott 2013; see also Sauder and Espeland
2009). There is an underlying tension here between the university notion of research quality as ‘pub-
lished in a high-ranked journal’ and the individual academic notion of research quality perhaps of be-
ing recognized for their intellectual contributions in their knowledge community, say for pioneering
new theories, methods, data, materials and so forth. This is essentially a tension between the aca-
demic’s organizational career and their career in their ‘research field’ (or between their organizational
career and their and their knowledge community career, in the language of Glaser and Laudel 2015).

The university’s desire to achieve high places in ranking lists by increasing its researchers’ publica-
tion activity in highly rated publication outlets creates tensions with academic’ individual research
strategies and desire to converse with their peers in relevant outlets, especially when research fields
are interdisciplinary or emerging, and cutting-edge research may not (yet) be recognised by main-
stream publication outlets that tend to have higher ‘impact factors’.

This tension can be resolved in multiple ways. First, if universities mobilize their performance moni-
toring and evaluation machinery — for example anchored to such processes as probation, mentoring
and promotions — to an expectation for academics to publish in high-ranked journals then academics
may pursue individual game-playing by submitting all their outputs to such journals, in the hope that
something gets through. Second, academics may pursue individual game-playing by citing authors
already in high-ranked journals as a way to prove their outputs are of sufficient quality to win a home
in these journals.

Third, being expected to publish primarily — or only — in particular journals may also (negatively) af-
fect an academic’s research topic selection, methods selection, and conference attendance selec-
tion. Such influences on topic selection may affect the novelty and originality of the research aca-
demics produce (see Luukkonen and Thomas 2016).

Discussion of examples

In the examples above, academics are essentially in a state of dynamic tension in being expected to
choose — through their research content development and research publication behaviours — be-
tween notions of research quality from the research space, as constituted by how their host univer-
sity translates these expectations around them, and perhaps quite different notions of research qual-
ity from their research field with corresponding rewards and penalties for both.
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How this tension plays out for the career of the academic is likely to be specific to particular research
fields. It is also likely to be affected by the mechanisms in place within universities whereby adminis-
trative and managerial elites in the university to exercise power. These can include mechanisms for
‘rationalization’, such as internal strategies for ‘discrimination, selection, and the efficient allocation of
resources’ and tools for ‘credentialization’ to police these strategies (e.g. internal peer review quality
ranking and score systems) whereby ‘quality is measured by those with power to define the terms’
(Sousa and Hendriks 2007, 270; see also Sauder and Espeland 2009 on power and internalization of
quality rankings).

Systems such as the REF which feature unit of assessment panels from the ‘research field’ to under-
take peer review of research outputs from universities can lead to tensions between notions of re-
search quality promoted by research manager/administrator elites in universities — such as coercive
use of journal rankings — and the notions of ‘research field’ elites. This kind of ‘battle of the elites’ to
constitute research quality can be possible in current UK universities where university research ad-
ministrators have become decoupled from research field elites. These organizational elites may at-
tempt to judge the quality of research content from which they have significant epistemic distance on
the basis of tools such as journal rankings.

Whether these elites manage to constitute the notion of research quality or whether this is done by
the ‘research field’ elites will depend on the relative power balance. For example in the run-up to the
2014 UK REF ‘research field’ elites managed to get organizational elites to agree not to use journal
rankings as research quality proxies (see Nedeva et al 2012). However the ‘proliferation of a new
professionalied cadre of non-academic managers, with signiciant power and autonomy’ who ‘have
paradoxically become the new power-players within the Academy’ (Watermeyer and Olssen 2016,
204) means that this tension remains dynamic, not static, going forward.

Conclusion and Next Steps

This approach to looking at sites and notions of research quality, rather than take for granted that re-
search quality emerges out of a static judgement process from a particular instance of peer review or
similar, enables us to look at the dynamic mechanisms whereby research quality is constituted and
re-constitued over time. It also enables us to consider power asymmetries in the behaviours of ele-
ments of ‘research spaces’ and of ‘research fields’ as they interact in the public science system.

Our contribution is therefore twofold. First, while many current studies, some of which we have cited
in this paper, recognise the existence of tensions between knowledge communities (c.f. ‘research
fields’) and organisations that employ researchers, fund research and set research priorities, the
model we have presented approaches tensions systematically and frames them as a part of ongoing
dynamic constitution of researchquality notions in institutionalised sites. Second, we acknowledge
the role of a variety of actors that have voice in these sites. The strength of this voice varies from
specific site to specific site, just as the nature and strength of the resultant tensions may vary.

For now we have only reviewed some tensions in two of our five proposed sites whewre notions of
research quality are constituted. Using illustrative examples and related literature contributions, we
have briefly shown that notions of research quality can differ among various stakeholder groups, thus
influencing research processes, research outcomes and the nature of published knowledge claims.
Our further research will examine research quality tensions in the other sites, including exploration of
specific research field examples within the broad areas of physics and economics in the UK and sev-
eral other countries.
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2.2.4 The changing behaviour of European universities in Horizon 2020
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The introduction of the eight EU Framework Programme for Research and Innovation, Horizon 2020
(H2020) is claimed to have changed the focus of European research funding markedly from excel-
lence in research, basic research and technology development towards innovation and commerciali-
zation. H2020 consists of three pillars: 1) Excellent Science, 2) Industrial Leadership and 3) Societal
Challenges. The excellence pillar, clearly allows for investigator-driven frontier research (LERU,
2016). The other two pillars, by contrast, contain pre-defined broad themes, with strong emphasis in
the calls for societal impact of the projects. Calls for research programmes here often stipulate tech-
nology readiness levels (TRLs). According to a recent analysis made by the League of European
Universities (LERU), funding decisions are disproportionally skewed towards projects with high
TRLs, which is described as a major limitation to collaborative discovery research. From 2014-2015
to 2016-2017, the emphasis on high TRLs in the working programmes has increased, and surpris-
ingly, even more so in the Societal challenges pillar compared to the one addressing Industrial Lead-
ership. LERU concludes that a “natural consequence of this bias towards higher TRLs is that a very
large fraction of research that is not yet on technology tracks is explicitly excluded, regardless of its
potential societal or technological relevance or impact” (LERU, 2016, p.7).

Against this background, concerns have been raised about the reduced interest and involvement of
the universities in H2020 activities beyond the excellence pillar. It has been argued that a reduced
engagement of universities in pillars with high TRLs demands, will have consequences on the ability
to find solutions to many societal challenges for which the engagement and involvement of institu-
tions having the basic knowledge required is fundamental (Elverhgj, 2016).

There are many reasons why we might expect that universities are less inclined to search funding
from the large pillars of Industrial Leadership and Societal Challenges in H2020, but rather to in-
crease their attention towards the excellence programmes instead (The European Research Council
(ERC), Future and Emerging Technologies (FET), Marie Sklodowska-Curie-activities (MSCA) and
the programme for Infrastructures). These are more oriented towards basic research, with less re-
quirements for broad consortia formation, and being less strict with regards to immediate impact and
commercialization. For the most prestigious universities, achieving funding from the Excellence pro-
grammes may imply that the university is an institution involved in excellent research, compared to
other programmes in H2020 where research institutes, industry/private companies and universities
with a more applied profile are more present.

The aim of our study is to investigate to what extent universities have changed their application pro-
file in H2020. We hypothesize that the transition from the seventh framework programme (FP7) to
H2020 has led to a stronger concentration of applications from universities in the excellence pillar,
and that the increased concentration is higher among the most prestigious universities.

Using data from the European Commission’s data warehouse ECORDA, connected with university
data from the Shanghai-ranking (ARWU), we study the universities’ application profiles in FP7 and
H2020. We do not use project data, because the applications, more than funded projects, tell us
about the intent of the universities; projects rather tell us about the successful applications, which is
not only dependent upon quality, but also on the magnitude of competition in the calls. Institutional
reputation and size has been documented to be important determinants for the participation of uni-
versities in EU’s framework programmes (Lepori et al., 2015), but to the best of our knowledge, no
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study has ever analysed the applications in the framework programmes, partly due to the lack of
standardized institution names in the ECORDA database.

Methods

The main data source in this study is application data in ECORDA, covering FP7 and the early phase
of Horizon 2020 (we have used the November 2015 edition of ECORDA, which means that our FP7
data are complete, whereas the analysis of Horizon 2020 is restricted to only the early results of that
framework programme). At NIFU, a complete standardization of all institutions in ECORDA, involving
1.1 million institution names (all applicants and grant receivers), has been conducted. In our stand-
ardized version of ECORDA (see more details in Piro, Scordato & Aksnes, 2016), we have identified
4,959 unique higher education institutions worldwide (universities, university colleges and acade-
mies, but excluding university hospitals and academies of science, especially in Eastern European
countries), coming from 172 countries. In total, these institutions have made 344,168 contributions to
applications (participating in 151,642 unique applications). Du to legal restrictions on the use of the
application data in ECORDA we are not allowed to identify any institutions by name; all analyses
must be performed at an aggregated level where single institutions cannot be identified.

The application profiles of all universities have been matched with ranking scores in the Shanghai-
ranking (ARWU). The relevance and quality of university rankings are highly disputable (Piro &
Sivertsen, 2016), but few would disagree that the universities ranked at the top in these rankings are
outstanding institutions. In our study, each university featuring in ARWU has been assigned a mean
value of its rank position in the years 2003-2014 (Harvard University is ranked first with a mean value
of 1.0, followed by Stanford University at 2.2). Most universities in the world, however, are not in-
cluded in ARWU, but are included in a separate category in our analysis.

Since the research question of this paper is to investigate whether there has been a shift in behav-
iour of universities towards the Excellence programme in H2020, it gives little meaning to include in-
stitutions from outside Europe, since these to a limited degree apply to ERC. Therefore, a large num-
ber of the universities have been excluded. In our final sample, we have included all EU nations and
associated EU partners. Switzerland has been removed from the analysis, following its rapid decline
in applications to H2020.

The changing behaviour of the universities will be investigated by comparing the volume of applica-
tions submitted to the programmes for Excellence compared to all other programmes. We define the
following programmes as Excellence: European Research Council (45,541 application contributions)
and Future and Emerging Technologies (5,689 application contributions). Marie Sklodowska-Curie
Actions/Marie-Curie Actions (89,063 application contributions) and Research Infrastructures (5,787
application contributions) have been left out of the analysis.

Results

We have categorized the universities in seven groups, based on their mean ARWU position, see
groupings in Table 1. In the first group, we find universities with average ARWU position in the range
4.1 to 122. In the other groups the ranking distribution is 125-216 (group 2), 216-297 (group 3), 297-
389 (group 4), 389-565 (group 5), 600 (group 6), while group 7 includes universities that are not in-
cluded in ARWU. In total 2,524 universities are included in the final analysis.

The most prestigious, highly ranked universities (group 1) have both the highest shares of applica-
tions to the Excellence programmes (30,5 per cent in FP7 and 34.4 per cent in H2020), and the high-
est number of applications. There is no perfect correlation between rank position and propensity to
apply ERC/FET, but all university groups have increased their shares towards these schemes from
FP7 to H2020, with the increase being markedly higher in the groups 1-3, compared to groups 4-6,
and with group 7, which contains the largest number of universities, having only a minimal increase.



Table 1: Percentage of applications to Excellence programmes by seven university groups

1 2 3 4 5 6 7
FP7 30.5 271 19.6 22.0 17.7 16.7 13.6
Horizon 2020 34.4 32.6 24.3 24.8 20.8 20.0 14.7
Change 3.9 5.5 4.7 2.8 3.1 3.3 1.1
Universities (N) 36 39 41 41 42 101 2224
Applications to Excel-
lence programmes
(N) 11896 7533 5093 4639 3243 5314 7312
Applications to Other
programmes 20016 16218 17282 14262 13189 21867 31247

Source: NIFU and EU Commission/ECORDA.

Another aspect of changing pattern can be a reduced willingness to take on the coordinating role in
applications. Excluding the excellence programmes, we now look at the percentage of applications
coordinated by the universities in FP7 and H2020 in the other programmes.

Table 2: Percentage of coordinator roles in universities’ applications to other programmes by
seven university groups

1 2 3 4 5 6 7
FP7 15.1 15.2 16.0 16.5 15.9 16.2 14.4
Horizon
2020 18.3 19.7 18.9 19.0 21.1 21.8 18.0
Change 3.2 4.5 29 25 5.1 5.6 3.6

Source: NIFU and EU Commission/ECORDA.

The results in Table 2 do not indicate that the universities in general are less willing to take up the
coordinator role in H2020 compared to FP7. Contrary, the percentage of applications coordinated by
the universities have increased in all university groups from FP7 to H2020. However, the increased
propensity to coordinate an application is generally higher in the lowest ranked university groups, es-
pecially among the universities ranked 389-600 in ARWU.

Conclusions

The findings of this study indicate that less prestigious universities play a more active role in H2020
compared to FP7 in the pillars Industrial Leadership and Societal Challenges. In general, the univer-
sities have oriented themselves more towards the Excellence pillar compared to what they did in
FP7, and this reorientation seem strongest among the highest ranked universities.

The results presented here may change when our full paper is finalized. This is due to two condi-
tions. First, while we have complete FP7 data, our H2020 data are from that programs’ early phase,
where the universities’ application behaviour may be more “Post FP7” driven than well-adapted to
H2020 where many key actors struggled in the beginning to adapt to the new rules of H2020. In
June, the new edition of ECORDA is released and we will be able to update our results.

Second, we have used ARWU to group the universities. There are many ways to categorize universi-
ties, and in our full paper we will compare different groupings based on data from the Leiden ranking:
university size (number of publications), university impact (citation indicators) and university profile
(percentage of collaboration with industry).
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Outline

Academic engagement with the private sector is an increasingly prominent part of the scientific pro-
fession (Etzkowitz, 1998; Geuna and Nesta, 2009). Scientists are encouraged to commercialize their
research findings through patenting or entrepreneurial ventures and to collaborate with industrial
partners in formal and informal ways. The establishment of third part funding as a performance
measure and the recent economic crisis are stressing the role of industry sponsorship in funding aca-
demic research (Hornbostel, 2001).

Strengthening science-industry links seems to play an important role in translating scientific results
into economic growth (Feller, 1990; Florida and Cohen, 1999). However, scholars are concerned that
this might also substitute scientists’ time away from scientific goals towards short-term industrial gain
(Dosi et al., 2006; Pavitt, 2001; Perkmann and Walsh, 2009; Owen-Smith and Powell, 2002). Extant
empirical research on the potential tradeoff on has led to inconclusive results (Perkmann et al.,
2013).

We examine the relation between engagement with industry and the direction of scientific research.
Most of the research on the impact of engagement on research has limited itself to correlating the
(quality-adjusted) volume of scientific output with engagement. However, academic engagement
might have a more subtle impact on the production of knowledge by on the one hand serving as a
source of ideas and by on the other hand providing an incentives for scientists to pursue issues for
which funding is more plentiful (Rosenberg and Nelson, 1994; Rosenberg, 1998; Cohen et al. 1998;
Lee, 2000; Rosenberg and Steinmueller, 2013). Such shifts could happen within the scientific context
and hence be difficult to identify through conventional productivity measures. Empirical evidence on
whether industry funding leads academic scientists to do science differently is scant, but developing
(Blumenthal et al., 1996; Godin and Gingras, 2000; Gulbrandsen and Smeby, 2005; Boardman and
Corley, 2008; Hottenrott and Lawson, 2014, 2017).

Innovativeness and relevance of the paper

We contribute to the literature by assessing to which extent engagement with industry relates to the
orientation of scientists’ agenda. Do scientists who interact with industry often typically have a differ-
ent research focus than scientists who do not? If this is the case, then policy makers should consider
the possibility that increasing expectations about industry engagement of the scientific workforce
might coincide with a broader (i.e. outside the scope of the expected interactions) shift towards in-
dustrially oriented research. This aspect has been largely omitted from prior literature, which in the
first place has correlated industry engagement with measures of scientific productivity. We argue that
a shift towards industry might occur within scientific knowledge production, and might hence not be
detectable through classic measures of productivity.
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Methods and empirical material

The analysis is based on 1539 respondents to an online survey conducted in Germany in 2011, car-
ried out by the Center for European Economic Research and commissioned by the German federal
ministry for Research and Innovation. The survey was sent to professors in German universities and
applied sciences universities and covered a broad range of topics. Among these were a set of ques-
tions relating to the nature and determinants of their research agendas, as well as the orientation of
their research activities in terms of knowledge transfer between 2008 and 2010. We only consider
responses by professors active in STEM fields for this analysis, disregarding social sciences and hu-
manities. The data have been complemented with publication data from Web of Science.

We use the share of external funding stemming from industry as a proxy for engagement. We char-
acterize scientists’ orientation through three measures. First, whether or not the scientist considers
applied research to be an important part of their work. Second, whether the scientist believes indus-
try is an important user of his work. Third, whether the scientist considers potential for knowledge
transfer to be an important factor in deciding his future research agenda. We also examine the rela-
tion between the scientist’'s commercial orientation on their average publication and citation outputs.
The analysis is based on linear and binary regression analysis, controlling for a range of personal
and professional attributes, such as career age and gender. We also control for professional attrib-
utes, such as teaching load, number of Ph.D. students, and field.

Results

Our results confirm the unclear relation between orientation towards commercialization and research
productivity described in the literature. However, we show a clear correlation between industry en-
gagement and the industrial orientation of the scientist’s research. The study thus shows that en-
gagement with industry covaries with the nature of the research done by the scientist. Even if indus-
try engagement does not impact scientific productivity, our results thus indicate that academics face
trade-offs in composing their agenda when they engage with industry. This is not reflected in general
productivity estimation and requires a specific approach to do so. Taken together, our results sug-
gest that industry engagement does not compromise scientific productivity in the short run. However,
enlarging the scope of research towards distant topics or very applied topics in function of industry
engagement may have long term consequences for the development of scientific knowledge.

Conclusions

While indirect and correlative, our analysis provides evidences for a reorientation of academics' re-
search agenda in the light of the entrepreneurial university. Compared to previous contributions fo-
cusing on the volume and quality of scientific outputs, or engagement in academic patenting, we pro-
vide a more nuanced perspective: industry-oriented scientists also re-orientate their scientific activi-
ties to those issues which are in demand among firms. On the one hand, scientific research might
gain in short-term relevance when there are private actors willing to fund research activities. On the
other hand, however, this approach might jeopardize long-term scientific progress. This last aspect is
reinforced by the observation that there is some degree of incompability between the use of results
by industrial vs academic actors, and between commercial and personal (scientific) interest in the
choice of research topics to pursue. The different dimensions linked to the orientation of commerciali-
zation leads to a discussion about the implications of institutional arrangements to promote techno-
logical transfer on academic research.
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Introduction, relation to innovation policy and conceptual approach

Rare diseases are life-threatening or chronically-debilitating illnesses with a low prevalence. Small
patient pools mean that pharmaceutical companies struggle to recoup their substantial investments
(Meekings et al, 2012). Small patient populations are also not associated with high reputational gains
to be won by scientists. Still, although prevalence of individual diseases are low, the total number of
patients having a rare disease is substantial given that there are 4,000-8,000 rare diseases (Seoane-
Vazquez et al, 2008). Moreover, for most rare diseases there are no cures available, indicating an area
of healthcare with high unmet medical needs.

The limited attention for research and development activities in the rare diseases area combined with
a significant societal pressure to act indicates a situation of market failure. The rarity of the diseases
means that scientists are often not well connected, physicians are unaware of clinical best-practices
and patients are not easily identified and brought together for e.g. clinical trials. Moreover, there is a
general reliance on ‘generic’ therapies for common diseases, while tailor-made solutions for rare dis-
eases are often lacking. All this implies an ill-functioning innovation system and related systemic fail-
ures.

Market and systemic failures in the context of rare diseases have been recognized for over two dec-
ades in the European Union (Boon & Moors, 2008). The introduction of the Orphan Drug Act in 2000,
following the example from the US, made it possible for companies to enjoy benefits when developing
and marketing drugs for rare diseases, i.e. orphan drugs. Prime examples of such benefits are a ten-
year market exclusivity period for any orphan drug and the possibility to enter the market based on
less complete clinical data than would be normally required.

Reviews of the pharmaceutical sector seem to suggest that the orphan drug legislation has had a
beneficial impact on the development of orphan drugs (Brabers et al, 2011). The number of so-called
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orphan drug designations has risen over the years, indicating many new drugs entering clinical devel-
opment (Braun et al, 2010). Also the number of approved orphan drugs has grown (Heemstra et al,
2008). Success of orphan drugs on the market however also revealed a downside: pharmaceutical
companies ask high prices for their products, putting pressure on healthcare budgets.

The success of orphan drug development and marketing in some disease areas overshadow diseases
for which no cures are on the horizon. In terms of innovation dynamics and innovation policy this re-
veals a significant and as yet not investigated question: why is orphan drug development in some rare
disease areas more successful than in others?

We address this question by focusing on the creation of interactions and complementarities between
research, development and the provision of high-quality care in local innovation eco-systems. We
approach these interactions as part of an innovation system that is dedicated to the development of
therapeutic products for specific diseases. As such technologies are put central which, combined
with the dynamic perspective we emphasize, points at taking the concept of technological innovation
system as a theoretical starting point (Hekkert et al, 2007). We are interested to what extent actors
from different institutional backgrounds (research, commercial development, care) collaborate and
create self-reinforcing innovation ‘motors’ (Suurs, 2009). For example, does world-leading research
lead to spin-off companies and the creation of clinical expert centers? Co-creation between universi-
ties, academic and non-academic hospitals, research institutes, pharmaceutical and biotech compa-
nies and patient associations could produce such a ‘motor’. Are there distinct motors to be recog-
nized, indicating different innovation models, e.g. the ones in which clinical researchers are in the
lead and those that have companies as primal movers? Lastly, as rare disease R&D often functions
as a model for more common disease models (Van Weely & Leufkens, 2004) we are also able to in-
vestigate complementarities and cross-overs between rare and common diseases. By taking the
technological innovation system as a conceptual starting point, we specifically focused on the seven
functions that highlight the interactions between research, development and care.

Methods

The European Union mandated their members to produce a national plan for rare diseases that stipu-
lates how countries are going to facilitate and stimulate rare disease care and innovation. As part of
these plans, member states are asked to appoint centers of expertise: clinical organizations that pro-
vide top-level care and research in a specific rare disease. The Netherlands recently completed the
inventory of these centers. We took the list of the centers as a starting point for our data collection.
The centers covered 631 rare diseases. We matched these disease names with MeshIDs and IDs
from the Orphanet database which is a specialized EU database on rare diseases including a classifi-
cation system of all described rare diseases in the medical literature. This exercise required in-depth
understanding of the rare disease names as well as choices that had to be made regarding the level
of aggregation that was chosen. We performed this exercise with three independent coders.

The resulting list of disease codes were used to search for data for the four abovementioned functions.
We focused on two major disease categories: ‘inborn errors of the metabolism’ and ‘neurological dis-
eases’, because they are traditionally regarded as typical of rare disease dynamics. So far we have
operationalized four functions of the technological innovation system covering the Netherlands from
period 1995 (just before the introduction of the orphan drug act in Europe) to 2015. We did this as
follows:

Knowledge development was measured by using bibliographic data. This data was collected by
searching for articles with the disease Mesh terms in Thomson Reuters Web of Science. The
bibliographic data was cleaned to link publications to institutes, countries, diseases and publica-
tion year. Publications were categorized in non-clinical publications and those addressing clinical
development (Mesh terms related to clinical trials).

Entrepreneurial activities were measured by using the complete lists of EU orphan drug designations
and drug approvals, and code for all products from which the applications originate from the
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Netherlands. The resulting list of companies was reviewed and augmented by a representative
of the Dutch sector association.

For each disease, resource mobilization was measured by creating an exhaustive list of funding
agencies listed on the publications as well as overviews of all Dutch and EU research programs
on rare diseases.

The support from advocacy coalitions was measured by indicating for which diseases a specific pa-
tient association was active.

The analysis consists of two parts. First, we performed a benchmark of Dutch output on the four func-
tions as compared to EU, US and rest of the world. Second, for each rare disease we identified pat-
terns in how research, development, healthcare and patient advocacy strengths were combined.
These interactions serve as indicator for specific types of innovation models.

We validated the data analysis by discussing the findings with five experts in the field of rare diseases
coming from academic medicine, drug regulation, innovative pharmaceutical companies, and the
Dutch Steering Committee on orphan drugs.

Results and conclusions

We found that the share of Dutch publications on rare diseases remains steady against a backdrop of
growing global publications and an increasing share of non-EU and non-US publications. Dutch re-
search groups seem to perform well in disease areas that have a relative low number of total publica-
tions. This indicates that they focus on diseases that attract little attention.

In terms of interactions between research, development, care provision and patient advocacy we found
in general two types of innovation models. The first innovation model revolves around the center of
expertise in an academic hospital. A group of medical specialists with a strong research focus treat
most patients in the Netherlands of a particular disease and performs research on the disease, includ-
ing basic research and small-scale clinical trials. Frequent and intimate interactions with patient organ-
izations lead to effective research performance, e.g. in terms of patient recruitment and even co-found-
ing of natural history registries. The second innovation model has companies as the major players.
The companies often start drug discovery from a rational, science-driven approach and during clinical
development coordinate and subcontract studies in academic hospitals. These models resonate with
governance models for post-marketing studies we found earlier (Boon et al, 2015).

These findings have broader repercussions for innovation policy since they align with recent discus-
sions on alternative business models for pharmaceutical R&D, in particular in fields like rare diseases
and areas associated with high unmet medical needs (Moors et al, 2014; Munos & Orloff, 2016). Ex-
amples of such alternatives include innovation models that emphasize the role of academic research
centers (Kirkegaard & Valentin, 2014; Workman et al, 2017) and those models that explicitly aim to
develop new therapies for low prices. The study also sheds more light on the balance between public
and private involvement in pharmaceutical innovation processes. Medical researchers (Light &
Lexchin, 2012) and innovation policy scholars (Mazzucato, 2013) have used the case of orphan drugs
to call for a sensible distribution of risks and rewards for innovation, which should lead to a more
efficient overcoming of market and systemic failures in the field of rare diseases. The models of alter-
native collaborations and cross-overs among technologies, actors and institutions highlighted in this
study, provide more insight in the variety of approaches policy makers can use to fine-tune policy
measures to better meet progress in medical innovations.
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Introduction

Nations worldwide recently formally agreed to reduce carbon gas emissions in a number of interna-
tional treaties, the most noteworthy perhaps the COP21 in Paris. Clean technologies (cleantech) are
indeed on the rise yet are not widely adopted for various reasons (IRENA 2017) and many countries
have science, technology, - and innovation policies in place to stimulate its development. For such
policies to be successful a deep understanding of the technological systems, the underlying scientific
knowledge base and their interaction is required. Technological development relies heavily on a two-
way interaction with science (Freeman 1994, Rosenberg 1982). Also, this interaction may be very
different for each field of technology (Verbeek 2003). Energy technology is characterized as a heter-
ogeneous field itself, both in the sense that it builds on diverse other technologies (Nemet 2012) as
well as in the sense it is built on by diverse other technologies (Popp et al. 2012). This heterogene-
ous nature further challenges the development of a deep understanding. In this paper the main ques-
tion is therefore: what is the scientific knowledge base of energy technology?

In a previous attempt to explore the science base of “environmental” technology from 2000-2007, the
OECD found a broad dependence on scientific disciplines (OECD 2010). Our contribution will go into
more detail, working with more recent observations and attempt to interpret the findings in a broader
context. More specifically, we address the science base differences between fossil fuel based energy
technology and renewables (henceforth respectively dirty and clean technology). Once specific sci-
entific disciplinces which are relevant to clean technology (and not necessarily to dirty technology)
are identified, stimulating the activity in these fields can be the basis of a fundamental and long term
policy for accelerating cleantech development. The distinction between basic and applied science
can additionally be useful for the purpose of policy implementation. If a strong influence of basic sci-
ence is found, policy stimulating effective transfer of basic science to technology may form an im-
portant stimulus to an economy. There are various examples of basic science transfer policies which
some governments have already in place or are experimenting with. In this context of interacting gov-
ernment, universities and industries the triple helix model by Etzkowitz et al. (1995) forms an im-
portant basis to understand this interaction.

Theory

Technological change can be understood in terms of technological paradigms and trajectories (Dosi
1982). The natural sciences play a key role determining the content of technological paradigms and
in the transition from one paradigm to another, for a better understanding of energy technology it
therefore makes sense to look at its science base.

Science and technology consist of many, sometimes overlapping disciplines or fields. On top of that
energy technology is heterogeneous itself and a large complexity for its science base can therefore
be expected. Within energy technology this broad dependence may however be different for clean
and dirty technology, as we know clean technologies produce far more spillovers to a greater variety
of technological fields than dirty energy technologies (Dechezlepretre et al. 2014). The variety differ-
ences may not be surprising given that clean technologies exploit a far greater variety of phenomena
than dirty technogologies. Where incremental innovation is mostly but not exclusively associated with
dirty energy technology, radical innovation is mostly associated with clean energy. In the context of
energy technology, incremental innovation is linked to large technological systems, characterized by



slow innovation and path dependent development. The second is characterized by fast and radical
innovation mainly developing in niches (Markard et al. 2006). Radical innovation is understood to
have closer ties with scientific developments. Given the radical and incremental association there-
fore, a stronger knowledge base can be expect for cleantech then for the more established dirty en-
ergy technologies.

For the purpose of identifying a science base, disciplines and classes can be defined in a number of
ways. A useful criterion distinguishes between applied and basic science. Where the first concerns
research into achieving some practical application, the second is more concerned with solving some
fundamental theoretical problem. In terms of time development, basic science can be expected to
precede applied science and technology which builds on it. The time lags between basic science and
technology building on it can also be expected to be longer than the lags with applied science. Basic
science is mainly produced by universities and is expected to be related to the product diversity (Nel-
son 1959) and absorptive capacity (Cohen et al. 1990) of firms. A strong emphasis of basic science
in the science base of cleantech would therefore lead to an identification of specific relevant organi-
zations.

Authors have argued the knowledge dynamics of technological change varies greatly amongst eco-
nomic sectors too. Pavitt (1984) argues that knowledge picture of innovating firms supposing a ‘gen-
erally available and applicable pool of knowledge’ from which firms can freely and beneficially draw
rather than add to is not realistic. Knowledge flows through the system in a complicated structure of
interdependencies between firms which can on that basis be grouped into a taxonomy. The groups
of innovating firms differ with respect to extent in which they build on scientific knowledge.
Knowledge of scientific base of the energy technology is therefore essential to understand how the
innovative activities from firms can be stimulated.

Methodology

In this research the representation of technology through patents is used. The science base of a
technology can then be determined following citations to Non Patent Literature. First we will identify a
patent dataset for clean and dirty technology, then the journal and keyword distributions will be deter-
mined and finally the time dependence of these science bases is studied. These steps are more thor-
oughly explained in the following paragraphs.

References to Non Patent Literature in Patents

In this contribution we choose to observe technology by looking at patent application data (hence-
forth shortly ‘patents’). Patents provide the rare opportunity to empirically study technological content
in quantitative manner. Received citations (forward citations) have been associated with relevant
economic value parameters (Trajtenberg 1990) and are considered a measure for economic spillo-
vers. Measuring technology through patents one is also confronted with some limitations, as not all
technology is patented. Citations are only an indirect sign of spillovers and their relevance should
therefore not be overstated (Meyer 2000).

For the purpose of identifying the science base of a technology, an especially useful aspect of pa-
tents are the references to Non Patent Literature (NPL) by the inventor and/or examiner. The major-
ity of these references are to scientific literature, signaling which science was relevant to the inven-
tion. (Van Vianen et al. 1990 and Callaert et al. 2006). Narin reported a general trend of increasing
dependence at the end of the 20t century and specifically on public science produced in universities
(Narin et al. 1992). A general increase in the referencing magnitudes may also be the result of the
implementation of better or automated methods for finding prior art. Because of the interpretational
difficulties of the dependence strength, next to determining the strength of the science dependence,
we will identify the specific science fields of the dependence.
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Variety of science dependence

In their studies of the science base of biotechnology and nanotechnology, respectively McMillan et
al. (2000) and Leydesdorff et al. (2006) identified the core scientific journals which were cited by pa-
tents. The different ‘research areas’ of Web Of Science (WOS) allow for a detailed disciplinary classi-
fication of journals and for a rough destinction between applied and basic science. Hence knowledge
of the journal citations in patents can be used to identify the science base. The patent data is taken
from the patstat autumn 2016 version. As there are generally many ways to write and abbreviate a
journal’s name, it is challenging to obtain high degree matches. We are therefore anticipating the
patstat spring 2017 version, which has an improved recording of NPL references.

An easier approach consists of using keywords to identify scientific disciplines. A preliminary broad
selection of keywords is narrowed down using a ranking in both scientific specificity and technologi-
cal relevance. The scientific specificity of a keyword to a given scientific discipline can be determined
by dividing the occurrence of that keyword in scientific papers of a specific field by the overall occur-
rence of that keyword in all papers. The technological relevance of a keyword can be determined by
simply counting its occurrence in the patent NPL references.

Time dynamics of the science base

Filing dates of patents allow for detailed information on the time development of a technology and the
number of NPL references per patent. Next, using the information in the citations themselves, the
times from which the cited NPL stems are used to identify relevant periods of scientific development.
The time development of the science base becomes especially interesting calculating the time lag
with the citing technology, which signifies the speed of the knowledge transfer and the closeness of
the science and technology interaction. The development of the lag itself in time can signify when
shrinking the acceleration or when increasing a deceleration of the science and technology coevolu-
tion. Finally, using the citations of patents to patents, the conditional probability for a patent to refer to
NPL given that a cited patent refers to NPL signifies the continuity of the science dependence.

Distinguishing clean and dirty technology

To distinguish clean technology we will use the classification scheme Y02 introduced by the Cooper-
ative Patent Classification (CPC), which signals the application characteristic of enabling or stimulat-
ing climate change mitigation (Veefkind et al. 2012). More specifically, we consider all United States
patents applications which have at least one classification in the YO2E subclass, which mainly con-
cerns different energy technologies. The YO2E10/5 and YO2E10/7 subgroups, respectively involved
with photovoltaics and wind turbines receive detailed attention. To distinguish dirty technology, we
will largely follow the list put together by Dechezleprétre et al. (2014). He also distinguishes an inter-
mediate category, 'grey tech' which is still based on dirty technology yet focused on making it more
energy efficient and cleaner.

(Preliminary) Results & conclusions

Here follows a brief discussion of some preliminary results, both because of limited space and the
fact that this is work in progress. We see steady increases in the number of patents from clean, grey
and dirty technologies, yet the increase of cleantech is strongest. We see an overall increase of num-
ber of NPL references per patent, yet the increase for cleantech is roughly a factor 1.5 - 2 times
stronger. Additionally, the patents which are both classified in YO2E and dirty energy classes gener-
ally have less references to NPL then average patents in these dirty classes. We see a general in-
crease in the number of backward citations per patent through the years and this increase is not sig-
nificantly different for clean, grey or dirty energy patents. The number of backward citations appears
to correlate with the number of references to NPL for all considered types of energy technology and
stronger for clean technology then for grey and dirty, in agreement with the previously mentioned
stronger increase in references to NPL per patent for cleantech. These findings however requires
further careful analysis. These preliminary results indeed point in the direction of a stronger science
base dependence for clean- than for dirty technology.



Averaged over all patent classes the time lag in years between cited NPL and a general US patent is
on average 7.1 years, where it is first averaged over the patents in a certain year and then over the
years. This lag was approximately 10 years end 1960s, slowly decreasing towards the year 2000 to 5
years and then increasing steadily to approximately 8 years around 2010. The time lags in the differ-
ent dirty, grey and clean patent classes follow far a more fluctuating development, it is however clear
that the average time lags of clean technology are shorter than the dirty technologies and far shorter
than the average of 7.1 years, (the lag for solar being only 4.7 years for example). Some dirty tech-
nologies have also shorter time lags then average, time lags of technology related to combustion
processes for example being 5.9 years. We conclude therefore that although the knowledge transfer
between science and technology appears faster in clean technology it is not particularly slow for dirty
technology either.

As the conditional probability for a patent to refer to NPL given that a cited patent refers to NPL, no
significant differences appear to exist between clean and dirty techology. The probabilities for both
only increase a small percentage given that a cited patent cites NPL. The continuity of the science
bases appears therefore comparable between clean and dirty energy technology. A first quick identi-
fication of the scientific disciplines in the science base of cleantech on the basis of keywords appears
consistent with previous work by the OECD (OECD 2010). These findings however require further
analysis.
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2.3.4 The ‘newly emerging techno-sciences’ and the contemporary funding
regime
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This paper combines sociological, ethnographic and hermeneutic approaches to appraise the quality
and quantity of the impact of the contemporary STI funding regime on academic research practices,
communities and identities. It raises the question how this regime led to the phenomenon of ‘newly
emerging techno-sciences’ and what kind of change within academia this phenomenon denotes. An
empirical analysis of the emergence and institutionalisation of the field of systems biology in different
(trans)national contexts serves as a starting point for further discussion.

Getting a grip on newly emerging technosciences

STS scholars have been struggling for a while now with how to conceive of new phenomena such as
systems biology and synthetic biology, often labelled as ‘newly emerging techno-sciences’ or NESTs:
Do these represent ‘empty signifiers’, ‘buzzwords’, ‘emerging research fields’ or new (sub-)disci-
plines? The project ‘(Techno)epistemic cultures in 21st century life sciences’ addresses this very
question with a focus on changing epistemic cultures, community constellations and identity con-
structions. It builds upon case studies of the emergence and institutionalisation of systems biology in
the UK, Germany and Austria (for the latter, see Kastenhofer et al. 2012), including semi-structured
interviews with scientists (both, dedicated systems biologists and other life scientists; contemporary
scientists and representatives of earlier generations of scientists) as well as experts from the respec-
tive national STI governance systems (52 interviews in total).

The presentation starts with a twofold empirical inquiry: firstly, do systems and synthetic biology rep-
resent areas of research, research approaches, communities and identities that are distinct from
other areas of research (synchronic distinctness), and secondly, do they represent a fundamentally
new mode of practicing and representing science (diachronic distinctness). When combining these
two analytical dimensions, four different extreme poles result:

(a) NESTs can be interpreted as further manifestations of modern differentiation within academia:
systems biology and synthetic biology simply represent recent additions to an existing list of compa-
rable research areas (that we for instance tick of when completing a research proposal’s standard
form).

(b) NESTs can be understood as ‘empty signifiers’ — distinct only in their labelling: Wullweber (2008)
exemplarily discusses whether nanotechnology should best be understood (and handled) as an
‘empty signifier’ that pays tribute to a specific “techno-socio-economical innovation strategy” (ulti-
mately an ‘old wine in new bottles’ thesis, that holds only provided that wine and bottle are funda-
mentally distinct, see below).

(c) NESTs can be referred to as illustration of a fundamental epochal break that affects all contempo-
rary research (and to some extent even suspends modern differentiation): this thesis — the thesis of
an epochal break from science to technoscience — has been put forward and critically examined
within philosophy of technology (cp. for instance Nordmann et al. 2011).

(d) NESTs can finally be interpreted as manifestations of a hybrid situation, combining a modern-like
differentiation with fundamental historical change (for want of a label, | represent this by the German
art historian Pinder’s formulation "simultaneity of the non-simultaneous" / “Gleichzeitigkeit des Un-
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gleichzeitigen”, later taken up by Mannheim and others): systems biology can be added to (and dis-
tinguished from) a list of other research areas, but is also seen as different in kind; precursors of
such an interpretation are to be found in the historical analysis that biological sub-disciplines were
differentiated along different classes of organisms (botany, zoology, microbiology) in a first historical
phase of biology, later along different levels of complexity (molecular biology, cell biology, organismal
biology, population biology, ...) and recently along specific multi-disciplinary, engineering inspired
ambitions (systems biology, synthetic biology, nanotechnology; including a possible link to overarch-
ing theories of scientific development, like the finalisation thesis put forward by Bohme et al. 1973).
Today, results of all three logics of differentiation persist.

From science to technoscience

In the second part of my paper, | will illustrate with empirical material stemming from the presented
research project that these four options are best to be understood as extreme poles (or ideal types) —
the empirical examples combine aspects of all the options sketched. This situation can be explained
along two superimposed rationales:

(1) From an institutional perspective, we observe that various aspects of national and transnational
STl systems effectuate different phenomena of stabilisation and change. Among such potent ‘game
changers’ national and transnational funding regimes and their historical reconfigurations certainly
count as one of the presently most influential forces and their far-reaching influence has yet to be
discovered in its full breadth. In February 2017, an international workshop dedicated to the analysis
of changes in community constellations and identity configurations in fields such as systems biology,
synthetic biology, nanotechnology, biofuel engineering or molecular chemistry (‘Community and
Identity in Contemporary Techno-Sciences’, organised by STS Austria), resulted in the joint ap-
praisal, that current funding practices leave essential traces in scientific communities and identities,
even though some intentional moves of STI actors to change academic communities and identities
via tailor made funding initiatives (e.g., towards ‘responsible research and innovation’, towards a pri-
mary orientation towards ‘solving grand challenges’) are rejected by academia, warded off by playing
the game without succumbing to the ‘external’ influence. What sticks eventually is a perceived ne-
cessity to play certain (new) games and a selection of individuals who are willing and capable to do
so. But the influence of national and transnational STI systems would not be that strong, were there
not other supportive parameters of the STI systems at place, partly directly or indirectly connected to
the funding regimes, partly rather co-incidental phenomena.

(2) From a hermeneutic perspective, we observe that competing definitions of what (techno)science
is ‘in its core’ or ‘fundamentally’ and along which dimensions ‘fundamental’ change or stability thus
manifest themselves result in a blurring of categories: can we legitimately speak of a new technosci-
entific era if the most visible change is a new kind of framing science in the media and in the funding
discourse? Does this ‘fundamentally’ change what science is, i. e., what science is ‘in its core’?
Hacking (1983) famously negates this question; others tend to react differently. Nordmann (2011)
points towards a situation, where an epochal break from science to technoscience can only be per-
ceived from a point of view that is typical for a scientific era and (self)understanding, whereas from a
technoscientific standpoint the shift is imperceptible; in other words, what gets lost in a turn from sci-
ence to technoscience is held dear by those who are devoted to science and the loss hence gets no-
ticed, whereas those devoted to a technoscientific ideal do not count the allegedly lost aspects as
part of the core of what (techno)science is about and therefore see no fundamental change.

How funding regimes shape the technoscientific milieu

For the case study at hand — the establishment of systems biology in academia — the impact of the
national and transnational funding regime(s) can be summarized as follows:

External funding has outranked the influence of traditional institutions on academia to a considerable
extent in the wake of a veritable upheaval of the academic milieu at continental European universi-
ties like the University of Vienna around 2000.



The general trend within the transnational funding regime to opt for ,label-oriented’ funding pro-
grammes results in an explosion of new labels within science. Other than bottom-up or mission-ori-
ented research funding, this strategy targets specific research fields or approaches that get discur-
sively linked to societal missions. The U.S. National Nanotechnology Initiative may serve as a promi-
nent example. The relating labels are propagated by specific groups and the relating approaches
need to be demarcated from other research to decide who deserves to be funded within a relating
programme (whereas bottom-up research funding is based solely on a demarcation of excellent re-
search, and mission-oriented funding on an evaluation of feasibility). As a result, new labels prosper
in academia (as does their critique), they embellish new journals, new chairs and new institutes. As
label-oriented funding programmes come with an expiration date, so do the relating labels. IS| Web
of Science reports 4 papers with the topic of systems biology in 2000, a peak with 1566 papers in
2012 and a slow decrease ever since (N = 1376 in 2015, N = 1374 in 2016). In the UK, the systems
biology funding initiative has now been succeeded by a synthetic biology funding initiative.

Within label-oriented research, national funding agencies seem to be more influential then transna-
tional ones, resulting in different national patterns of establishment. In the US and the UK, systems
biology was established between 2000 and 2010 mainly in the form of big, multidisciplinary centres,
in Germany mainly in the form of big networks, in Austria a kind of ‘small systems biology’ popped up
in a much more dispersed mode in the absence of any major funding initiative (Kastenhofer et al.
2012; for synthetic biology, Molyneux-Hodgson / Meyer 2009 and Meyer / Molyneux-Hodgson 2016).
Overall, the result is a kind of re-nationalisation of research communities and a re-localisation of re-
search capacities with an increased dependence on costly local infrastructures within Big Science
(albeit an unceasing internationalisation of research via collaborative projects and of identities via
multinational careers).

As mentioned above, individual criteria of success have also changed drastically. External funding
relies on verifiable criteria, mostly publication output and amount of funds raised during a certain re-
cent period, plus a network of potential collaborators and, with label-oriented funding, the capability
to pick up new trends in time. A long-term identification with a specific discipline, theme, approach or
local tradition is out of the picture as is a major orientation towards teaching or popular science. Only
very few scientists identify themselves as systems biologists (mostly those of the core group lobbying
for corresponding funding initiatives), some concede doing systems biology (in correlation with their
involvement in systems biology initiatives), many do systems biology among other things. Within the
interviews, it accordingly proved difficult to name other systems biologists. If not for lobbying work,
scientists seemed more engaged in their multidisciplinary collaborations providing them with comple-
mentary expertise, skills and equipment than in building up and maintaining homogeneous discipli-
nary communities. Those who do identify with systems biology are mostly of a specific generational
cohort — mostly young Pls in their post-doc phase when the label emerged. Thus, a label-oriented
funding regime that relies mostly on temporary funding initiatives produces not only different labels
but also different generations of scientists, who, along Mannheims conception of generations (Gener-
ationszusammenhang), share distinct experiences and circumstances (in his words, a distinct fate).
All'in all, these processes point towards a shift from disciplinary community and subdisciplinary differ-
entiation of science to further fragmentation (along labels, paradigms, generations, cp. also
Kastenhofer 2013), accompanied by new modes of integration (multidisciplinary collaboration and
lobbying groups as modes of strategic partnership).
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Glaser and Laudel (2016) have recently called for closer integration of science ethnography, organi-
zational studies and innovation policy studies. These authors rightfully point out that organizing and
scientific work has often been considered to be mutually exclusive terms in the sociology of science.
Scientists would simply be too autonomous and individual for organizational analysis to be relevant.
Yet, science, technology and society (STS) scholars have often followed the axiom that the work of
organizing science is itself a scientific activity. This means that much micro —level work on research
practices will in fact capture organizational and policy dimensions. Often, scientists and policy actors
are treated “flatly” without clear distinctions between scientific and policy work. This is exemplified for
example by Fujimura’s uses of the concept of “articulation work”. More recently, some STS scholars
have started to engage with organizational literature more explicitly. For example, Parker and Hackett
have examined how collaborations are sustained in ecology. Keating and Cambrosio (2012) have
highlighted how epistemic and organizational changes have been closely interdependent in the con-
stitution of the US clinical research enterprise. Shostak (2013) and Panofsky (2014) have deployed
Bourdieusian approaches to disciplinary organization and institution building to understand scientific
change. Castel and colleagues have emphasized the work of change entrepreneurs against a back-
drop of institutional constraints and professional gatekeeping in healthcare systems (Bergeron et al
2014; Vézian 2014). It should also be noted that theories of policy- and organization-making them-
selves have recently moved towards the study of coordination and steering activities in flat networks
and that are quite similar to the kinds of organizational practices found in scientific sectors (Borras and
Edler 2014).

With this presentation, | propose the concept of “programmatic work” as a useful analytical tool for
understanding how the organization of research activities is produced jointly by both scientific and
policy actors. Research programmes are commonly understood as policy-designed mission state-
ments assorted with funding and other resources. Shove (2003) has shown such expectations to be
idealistic at best and that scientists commonly “hijack” programmes to advance their own interests and
objectives. Yet, deviance from preordained objectives need not be seen as problematic. In fact, this
might be perceived as a sign of the productivity of programmes. In this, steering processes need not
be perceived as the exclusive province of policy-makers. Constructing a position for one’s project (in
the sense of Felt et al 2013) necessarily entails managing peers’ evaluations of what is worthwhile
science. My notion of programmatic work highlights the fact that programmes are commonly used by
scientists themselves to mobilize resources, coordinate with colleagues and articulate dispersed ef-
forts by elaborating shared models of innovation.

On the organizational side, programmatic work contributes to the building of networks and collabora-
tions; shapes the reputation of institutions; proposes divisions of intellectual and technical labor among
groups; and generates qualification tools and therefore participates in the maintenance of authority.
Certain research programmes can lay the groundwork for bona fide intellectual movements (in the
sense of Frickel and Gross 2005) that aim to reform research fields or institutions at a deep level.
Certain scientists and policy-makers may even develop into full-time “programmatic elites” (Hassen-
teufel et al 2008). Nonetheless, programmatic work is almost always collective and heterogeneous —
policy-makers and researchers are linked together through programmatic work in invisible colleges or
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virtual coalitions. Because the attention capacity of scientists, much like other publics, is limited (Hil-
gartner and Bosk 1988), different programmatic proposals tend to be in competition with one another,
even as their respective advocates may remain on perfectly friendly terms with one another.

| substantiate the concept of programmatic work via empirical engagement with a case study of the
reform of cancer clinical research. US cancer trials with innovative drugs have been reworked with the
introduction of genomic sequencing technologies. Over the same period, elite oncology researchers
together with policy makers have called for a reform of clinical research. They have advocated (and
often themselves implemented) trials with a more explicit experimental bend (in apparent contradiction
of their regulatory role), design parameters that facilitate the introduction of new treatment technologies
and new forms of collaborations. Trials have explicitly been launched to provoke organizational change
as much as to evaluate new drugs. Some trials act as initiatives of mass technology transfer that
provide access to genomic diagnostic capacity to thousands of community practices that would other-
wise have no access to this cutting edge technology. | analyse these new trial projects as instances of
programmatic work, experiments that simultaneously aim to produce knowledge about cancer bio-
pathology but also to convince cancer researchers to adopt certain models of knowledge production
and innovation. This qualitative case study has been conducted by extensive documentary analysis of
the specialized cancer literature and through more than 50 interviews with policy-makers, regulators,
and leaders of specific trial initiatives.

The outcomes of this work is a model where change in the content of STI activities and in STI policy
is effected through organizational work. Programmatic work sets fluid guidelines for organizations that
appear transient in the face of more durable scientific institutions, but nonetheless constitute the bulk
of mundane scientific activity. Programmatic work connects together both policy wishes and experi-
mental constraints and opportunities. The question is which programmes, and therefore which exper-
imental and organizational issues, are perceived as important targets for individual and collective ac-
tion to scientists and policy-makers. A relational analysis of programmes in a given sector, either over
time or at a given time, provides a mapping of opportunities for and constraints to socio-technical
change available to actors in that sector.

In terms of lessons for policy practice, these results highlight the inescapable partiality of much policy-
making for STI. Policy-makers that are better aware of the broader alliances in which they evolve may
be in a better position to identify blind spots in their own designs and interpretations. At the same time,
these results destabilize any easy diagnostic of inefficiency sometimes assigned to STI policy-making.
STI policies are systematically mobilized in producing change at the experimental and organizational
levels, but the ramifications of policies are rarely straightforward and linear.
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The purpose of this paper is to provide a theoretical framework for understanding how characteristics
of policy instruments limit or extend policy action. The paper develops the notion of ‘policy instrument
affordance’ to account for how policy instruments influence their targets. Policy instruments promote
or inhibit certain types of actions depending on the context and the actors on which the instrument
operates. Instruments have intended and unintended consequences as well as overt and latent
functions. One of the functions of policy theory is to elucidate the ways in which instruments drive
action and under what conditions. Programme theory, logic or effect models in turn assume certain
mechanisms of influence from intervention, to actions to impacts and so forth. The actual
mechanisms operating in the interface(s) between an instrument and the target community have
normally been intuited on folk psychological grounds and not conceived of from the point of view of a
coherent theory of how such influence occurs. In order to conduct this type of analysis one needs a
concept of the causal efficacy of instruments, that is able to capture the mutual shaping of
instrument, context and actor, without sacrificing conceptual clarity and cohesion.

This paper draws on previous research on affordances of objects and technical artefacts to offer a
theoretical framework for analyzing policy instruments from this perspective. We posit that by
conceptualising policy instruments as technologies of governance, one could successfully extend the
concept of technology or object affordances to achieve a deeper understanding of how policy
instruments work. This understanding can improve policy learning by allowing policymakers to get a
better grasp of how specific contextual circumstances influence the performance of an instrument.
We take as a premise that the impact(s) created by a given instrument are the results of the
combination of (i) the properties of the instrument, (ii) the context of the target community to which
the instrument is addressed, and (iii) the target community’s own propensities to act in particular
ways (e.g. given certain desires, beliefs and opportunities that they may have). Although the reach of
an instrument is mediated by the properties of the context and the target community, the instrument
itself can be said to drive action in a certain way, because of its constitutive qualities, which are
activated and circumscribed by context and actor responses. The concept of instrument affordances
can be used to explicate these constitutive qualities. There are several aspects of our approach that
are reminiscent of early discussions about the transfer/diffusion of technologies of production (Fu, et
al. 2011; Hoekman, et al 2004). However, while there is a wealth of research about technology
diffusion and some general frameworks of explanation (Arrow, 1969; Keller, 2004), work on the
transfer of technologies of governance has given rise to few attempts at generalised frameworks of
analysis (Hood, 2007; Howlett, 1991).

The paper takes research policy practice as its primary empirical referent, although policy
instruments may be found in all public sector endeavors. Research policy is particularly interesting as
a reference point because governments are currently seeking and finding new socio-economic uses
for science. Additionally, policy learning and networks for facilitating learning are now more prevalent
than ever in research policy as a result of increasing internationalization and multilevel governance
(Henriques and Laredo, 2013). Governments’ increasing determination to harness the benefits of
science to promote economic growth has, in almost all countries, issued into instruments designed to
steer the sector in various directions ranging from national evaluations such as the UK’s Research
Excellence Framework to ubiquitous schemes for promoting excellence. Due to its current
experimental mode of operating, and the relative ease with which to circumscribe its target (the
science system), research policy is emerging as a sector par excellence for illustrating the issues
described above.
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Introduction

Research and scientific endeavour have always been international in nature. Transnational research
is becoming the norm in large (big) science projects and it is also increasingly used as a science
policy tool (Georghiou, 1998). In this respect, in the 6th Framework Programme the European
Commission launched the ERA-NET scheme (2002) in support of coordination of the various national
research programmes in the European Research Area. In the 7th Framework Programme the ERA-
NET was further extended while a complementary scheme, ERA-NET Plus, was launched rewarding
the networks that proceeded into launching calls with a top-up contribution from the EC. In Horizon
2020 the scheme was further revised and finalised in the format of the ERA-NET Cofund.

The scope of the ERA-NET in the 7th Framework Programme was that of developing and
strengthening the coordination of national public research programmes through the implementation
of public partnership for developing joint research activities through transnational proposals.

‘Owners’ of the programmes are the participating national and regional authorities and/or the
programme managers. These include Ministries and regional authorities for setting up the agenda
and research councils or other public research organisations to manage the programme and provide
funding.

The aim of the paper is to highlight how the objectives of the ERA-NET transcend the basic
characteristics of scientific endeavour in terms of research excellence whilst they are ground on
fostering the exchange of good practices, define and implement common research activities and
funding transnational research. Therefore the main focus will be on those behavioural impact and
outcomes of the scheme that tend to improve intra-ERA science cooperation through opening up
national systems to transnational cooperation, increase the overall ‘quality’ of research projects,
introduce new common research areas and involve new researchers in the process.
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Insights from the literature

Leydesdorff and Wagner (2005) argue that international research collaboration seem to be a self-
organising process that is determined by individual scientists collaborating with each other. However,
this type of collaborations can be strengthened through institutional support by establishing, for
example, large-scale big-science projects or facilities, or team and interpersonal collaborations
(Wagner, 2002).

There are two main forces at play during transnational research collaborations. Nedeva (2013)
highlights that challenges emerge from trying to alleviate the tension between inherently global
research fields and nationally bound research spaces. The globalisation of research can be identified
through the increased level of international collaboration in research, cross-country co-publishing and
citations, the proliferation of international research associations, international conferences,
international journals and international facilities and organisations. At the same time, research
spaces are national and share significant differences in relation to levels and modes of financial
support, in terms of organisational set-ups, and accountability and evaluation systems. Studying the
types of structures, interactions and coordination modes amongst research systems, funders and
performers, Lepori (2011) highlights challenges in coordinating the organisation of research at the
national level. In a transnational setting Nedeva (2013) notes that the level of alignment of national
research spaces frames the extent to which the establishment of European level organisations with a
clear identity would be possible. In other words, a European Science system may be emerging when
the various national research systems would eventually align in terms of overarching organisational
structures and funding.

Studies in these areas are pointing towards a complex intertwining of issues with regards to
integration of national joint programmes (Lepori et al, 2014), openness of national research systems
to transnational cooperation (Primeri et al, 2014) and the intrinsic characteristics of the various
research systems in fostering openness (Cuntz and Peuckert, 2015). Here we take a practical
approach to examine which activities conducted through transnational collaborative networks
organised under the ERA-NET scheme may support openness to transnational projects, integration
of national programmes, higher ‘quality’ research and researchers according to the experience of
participating organisations.

The data

The study is based on a dataset obtained by collating different sources. The main set consists in the
survey data conducted by the JRC — Growth and Innovation (IPTS), the ‘NETwatch Survey’
(Doussineau et al, 2014). Survey data have been integrated with information on the Networks,
Organisations, and the Calls launched by each Network.

Our investigation concerned with the benefits realised by the respondent organisations participating
to the ERA-NET in terms of:

1. Support to transnational projects;

2. Opening up to transnational cooperation of national programmes in existing or new research ar-
eas;

3. Higher quality projects funded at the national level
4. New types of research projects funded
5. Researchers with no prior international or European experience benefiting from joint activities.

The variables used to evaluate the benefits in participating in ERA-NET are linked to 1) strategic
planning; 2) coordination 3) monitoring and evaluation and 4) training. These variables are related
directly to the benefits accrued by the organisation, the independent variables instead concern i)
activities undertaken by the organisation within the ERA-NET and ii) Activities undertaken by the
ERA-NET. The Idea is to assess whether the organisation benefits from participating to the ERA-



NET on the basis of the activities conducted (ORG-ORG) and/or they accrue benefits from
participating to the ERA-NET independently on whether the organisation was directly involved in
such activities or not (ORG-NTW).

A number of co-variates were also included. These include the size of the networks in terms of
budget and number of participating organisations and number of countries, the activities of the
networks in terms of time in operation, calls issued, proposals received and proposals selected.

The model used for the estimates is the proportional odd model (ordinal regression) since the
dependent variables are ordinal. The link function used is logit (main effect).

Preliminary findings

We look at the ‘origin’ of these benefits and the factors that have contributed to achieve them in the
opinion and experience of the respondents. To do so, we ran 5 ordinal regression models in order to
look at which factors (activities carried out by the organisation within the ERA-NET) affect the
realised benefits (ORG-ORG models). We then compared the results with the relative ordinal
regressions considering the factors that have been undertaken within (or by) the ERA-NET but not
necessarily by the organisation (ORG — NTW models).

Support to transnational projects

(ORG-ORG) Controlling for the average number of proposals funded per each call, organisations
entertaining activities of 1) establishment of common multinational proposal evaluation procedures;
2) development of common funding rules for transnational projects and 3) joint monitoring of
transnational projects within the network increases the cumulative odds of scoring higher achieved
benefits from participating in the ERA-NET by 2.555, 1.950 and 3.721 respectively.

(ORG — NTW) Controlling for the same covariate, the benefits perceived by the organisations is
sensitive on whether the activities are undertaken by the organisation within the network or by the
network. In fact, the first two variables are not significant. Monitoring of transnational projects is
however statistically significant (at the 5% level) and the odd ratio is 2.421.

Opening up to transnational cooperation of national programmes in existing or new research
areas;

(ORG-ORG) Having controlled for the number of countries participating in the ERA-NET,
organisations participating to design and implementation of 1) schemes for joint training activities and
2) specific cooperation agreements or arrangements between participating programmes increases
the cumulative odds of scoring higher achieved benefits from participating in the ERA-NET by 2.654.
Moreover, organisations operating in countries where the national programme is complemented by
the ERANET, increases the cumulative odds of scoring higher achieved benefits from participating in
the ERA-NET by 3.040.

(ORG — NTW) Evaluating the benefit accrued by the organisation on the basis of the activities carried
out by the ERA-NET (independently on whether the organisation undertake such activities or not) it
emerges that 2) specific cooperation agreements or arrangements between participating
programmes contribute to the likelihood of cumulative higher scores for benefits perceived by the
organisations (p-value <0.05 and Odd ratio of 2.050)

Higher quality projects funded at the national level

(ORG-ORG) Having controlled for the duration of the ERA-NET, organisations participating to design
and implementation of 1) Schemes for personnel exchange; and 2) Development of common funding
rules for transnational projects increases the cumulative odds of scoring higher achieved benefits
from participating in the ERA-NET by 2.225 and 3.320 respectively.
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(ORG — NTW) Evaluating the benefit accrued by the organisation on the basis of the activities carried
out by the ERA-NET (independently on whether the organisation undertake such activities or not) it
emerges that 1) Schemes for personnel exchange; and 2) Development of Common Funding Rules
for Transnational Projects contribute to the likelihood of cumulative higher scores for benefits
perceived by the organisations with Odd ratio of 2.136 (p-value <0.05) and Odd Ratio of 2.291 (p-
value<0.01) respectively.

New types of research projects funded

(ORG-ORG) Having controlled for the Number of Proposals funded per call, organisations
participating to the establishment of common, multinational proposal evaluation procedures;
increases the cumulative odds of scoring higher achieved benefits from participating in the ERA-NET
by 2.212. Moreover, organisations operating in countries where the national programme is
complemented by the ERA-NET, increase the cumulative odds of scoring higher achieved benefits
from participating in the ERA-NET by 2.790.

(ORG — NTW) Evaluating the benefit accrued by the organisation on the basis of the activities carried
out by the ERA-NET (independently on whether the organisation undertake such activities or not) it
emerges that the Establishment of common, multinational proposal evaluation procedures
contributes to the likelihood of cumulative higher scores for benefits perceived by the organisations
with Odd ratio of 2.048 (p-value <0.05).

Researchers with no prior international or European experience benefiting from joint activities

(ORG-ORG) Having controlled for the average number of proposals funded per call through the
ERA-NET, organisations participating to design and implementation of 1) Action plan taking up
common strategic issues / preparing joint activities; and 2) joint monitoring of transnational projects
increases the cumulative odds of scoring higher achieved benefits from participating in the ERA-NET
by 2.883 and 2.872 respectively. Organisations having larger experience in ERA-NET (in the 6th
Framework programme and/or through ERANET+) increase the likelihood of cumulative higher score
for benefits by an odd ratio of 3.130 (p-value<0.01). Moreover, synergy between research activities
conducted within the ERA-NET and through national research programmes increases the cumulative
odds of scoring higher achieved benefits by an odd ratio of 3.737 (for low synergy) and 3.861 (for
some synergy) relative to the highest level of synergy taken as a reference category.

(ORG — NTW) Evaluating the benefit accrued by the organisation on the basis of the activities carried
out by the ERA-NET (independently on whether the organisation undertake such activities or not) it
emerges that Joint Monitoring of transnational projects contribute to the likelihood of cumulative
higher scores for benefits perceived by the organisations with Odd ratio of 4.195 (p-value<0.01).

Some considerations

Overall, in the 5 areas considered, participating to the activities of the network contributes to the
realisation of higher benefits for the organisation. This means that the majority of the benefits
accrued by the organisations towards the objectives of the ERA-NET in the 7th FP may be
dependent from the direct involvement of these in the specific activities carried out within the
network. These activities involve the establishment of common multinational proposal evaluation
procedures; development of common funding rules; joint monitoring; schemes for joint training
activities; specific cooperation agreements or arrangements between participating programmes.

In some cases and only by a limited extent, participating organisations can achieve some form of
benefits only by virtue of being part of the network i.e. limiting their activities to ‘ratifying’ the
decisions, plans or processes established by the network.

These observations hold across the various thematic areas of the ERA-NET. No
substantial/significant differences were found.



From the survey data it emerges also that a ‘learning effect’ may be at play providing additional
benefits to the organisations involved in the networks; however, the results were not clear and
therefore we did not report them in this abstract. This is likely due to the nature of the data since it
would be difficult to find a consistent effect on organisational learning from the analysis of a cross-
section. Therefore, further investigations are warranted in this area.

References

Barjak F., Robinson, S., 2008
International collaboration, mobility and team diversity in the life sciences: impact on research performance. Social
Geography 3, pp. 23-36, 2008.

Barré, R., Henriques, L., Pontikakis, D., & Weber, K. M. (2013).
Measuring the integration and coordination dynamics of the European Research Area. Science and Public Policy,
40(2), 187-205.

Cuntz, A., & Peuckert, J. (2015).
Openness determinants of national research funding programmes in EU27. Science and Public Policy, 42(4), 474-
486.

Doussineau, M., Harrap, N., Ozbolat, NK, Heageman, K., Boden, M. (2014)
An assessment of the impact of the FP7 ERA-NET scheme on organisations and research systems. JRC- Science
and Policy Reports. doi:10.2791/1263

Georghiou, L 1998.
Global cooperation in research. Research Policy, 27(6), 611-626.

Lepori, B., 2011
Coordination modes in public funding systems. Research Policy 40 (2011) 355-367.

Lepori, B., Reale, E., & Larédo, P. (2014).
Logics of integration and actors’ strategies in European joint programs. Research Policy, 43(2), 391-402.

Leydesdorff, L and C S Wagner 2005.
Network structure, self-organization, and the growth of international collaboration in science. Research Policy,
34(10), 1608-1618.

Nedeva, M., 2013
Between the global and the national: Organising European science. Research Policy 42 (2013) 220- 230.

Niehoff, J. (2014)

The ERA-NET scheme from FP6 to Horizon 2020. Report on ERA-NETS, their calls and the experiences from the
first calls under Horizon 2020. European Commission, Directorate General for Research and Innovation. Doi:
10.2777/34369

Primeri, E., Reale, E., Lepori, B., Laredo, P., Nedeva, M., & Thomas, D. (2014).
Measuring the opening of national R&D programs: what indicators for what purposes?. Research evaluation, rvu018.

Wagner, C S 2002.
The elusive partnership: science and foreign policy. Science and Public Policy, 29(6), 409-417.

114



2.5 Session 2.5

2.5.1 Social science research in the field of environmentally friendly
energy — the importance of dedicated funding streams for knowledge
production

Inge Ramberg
Antje Klitkou
Espen Solberg

The Nordic Institute for Studies in Innovation, Research and Education (NIFU)
PO box 2815 Tgyen, 0608 Oslo, Norway
+47 22 59 51 00
http://www.nifu.no/en/

Keywords: Research funding; Environmentally friendly energy; Methodological approaches; Re-
search policy; Research content

This paper analyses the importance of dedicated funding streams for scientific knowledge production
in the field of social science energy research in Norway — addressing environmentally friendly energy
issues in particular.

Background

Addressing climate change is one of the grand societal challenges of our time. The transformation of
our energy system towards more sustainability can contribute to tackling climate change.

Energy studies in general have been central in many parts of the Norwegian research system, but
mainly technological studies and to a limited extend in social sciences, including economics. The lim-
ited attention by social science is rather peculiar since Norwegian social science research is rather
well developed also in an international comparison. However, the importance of energy issues in
other fields of the research system such as technology studies can be explained by two major fea-
tures of the Norwegian economy: Firstly, the dominating position of renewable electricity production
via hydropower over many decades for the Norwegian economy, allowing rather low electricity prices
but also preparing the ground for energy-intensive industries, such as aluminium processing industry
or solar photovoltaic industry. Secondly, the oil and gas sector has provided through income from
exports of the fossil resources but also through export of services a major financial source for the
Norwegian welfare state.

With the transformation from a fossil-based society towards a sustainable economy this oil and gas
sector is declining and new fields of economic activity have to be developed, building on the existing
strength of the Norwegian society, including competencies and energy production and distribution.
Here policy is required to set the direction of the transformation process, going much further than
traditional policy of market failure fixing (Mazzucato 2016) or structural system failures (Klein
Woolthuis, Lankhuizen, and Gilsing 2005). Such a transformation requires clear guidance and political
prioritisation, showing the direction of the envisioned transformation and setting priorities for this de-
velopment, understanding demand-side developments, the need for policy coordination and reflexivity
(Weber and Rohracher 2012).

Social science research can contribute to such processes. Covering human and societal aspects of
energy issues was raised in a number of broad policy processes and agreements, for instance in the
OECD Green Growth Strategy from 2011 (OECD, 2011) and in the Lund Declaration from 2015. These
concerns regarding the role of social sciences in energy research have also been raised in connection
with Norwegian policy processes.



Research focus

In our paper, we want to analyse the development of a growing research field in the light of research
policy funding schemes over the 1999-2014 period.

The following policy oriented research questions will be addressed:

l. Why have the funding agencies prioritised social science for environmentally friendly energy
and how has this changed over time?

1. How important are national and international research grants for the development of social
science research groups specialised in environmentally friendly energy in Norway?
a. Importance of priority shifts in the funding agencies for shifts of the content of the re-

search groups

b. Importance for shifts of collaboration patterns
c. Importance for disciplinary or interdisciplinary research

The paper will contribute to the debate on social science energy research and relevant methodology
for this (Sovacool 2014; Sovacool et al. 2012; Glaser and Laudel 2016).

Methodology and data

The data for our paper has been gathered during two projects addressing social science research on
sustainable energy resulting in two reports (Klitkou et al. 2010; Ramberg et al. 2016). For the pur-
pose of this paper we have focus on the role of the changed funding policy for the observed changes
of the research. Such changes encompass research collaboration patterns, the disciplinary back-
ground of the involved researchers and the focus of the published papers.

The paper is based on a mixed methods approach: beside quantitative methods like analysis of fund-
ing streams, bibliometric analysis, content analysis and social network analysis are combined with a
qualitative approach based on interviews with central research actors and representatives from cen-
tral funding agencies. One point of departure for this paper is Glaser & Laudels (2016) review of sci-
ence policy studies and contributions of sociology of science to the study of How Science Policy
Shapes Research Content. Their discussion of the state of the art points to “a need for revision of
both methodologies and theories addressing the impact of specific practises and instruments of gov-
ernance of research content”. They see the need for more collaboration between the two research
fields above as well as with bibliometrics to analyse “the micro-macro link between individual
knowledge production and the knowledge dynamics in scientific communities”.

The changes in the funding streams are analysed by tracing funding for social science research from
national sources and international sources. In the analysis of funding streams we combine both R&D
statistics, register and survey data. In a specially designed enquete to the researchers we also in-
clude disciplinary background in addition to the institutional affiliation in order to assess interdiscipli-
narity of the research.

The motivation for the changed priorities of the national and Nordic funding agencies are explored
through document analysis and supplementary interviews.

We analyse scientific knowledge production in this field by identifying relevant scientific publications
in the database for scientific publications Thomson Web of Knowledge, concentrating on a selection
of journals, by analysing the content of the published papers and by analysing the cooperation pat-
terns behind these publications. The analysis of cooperation patterns has been conducted with social
network analysis. We identify the ten most central research organisations in this field and interview
central researchers from these organisations.
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Our current research of the content of the publications has both a more comprehensive and a more
focussed mission than Sovacool, 2014, when we describe the content of the research in this emerg-
ing field, and at the same attempt analyse the micro-macro-link to the funding streams for the new
research field in Norway.

Expected outcomes

For addressing the transformation of the energy system and in accordance with the so-called Climate
Agreement in 2008 the Research Council of Norway established dedicated research programmes for
environmentally friendly energy, Renergi and later Energix, centres for environmentally friendly en-
ergy (FME). The programmes explicitly encouraged also social science research and in 2011 three
FME centres were established following the earlier eight technology focussed centres.

Our analysis indicates a clear expansion of the research activities within social science on environ-
mentally friendly energy in Norway. Along with this expansion we also observe a higher degree of
cooperation and a more mature network of collaborating institutions.

We find a marked growth in the number of articles published, from less than 50 articles in the 1999-
2008 period to over 200 articles over the last period covering 2009-2014. This expansion seems to
concur with the general increase in Norwegian investments in the field of renewable and environment
friendly energy.

On an aggregate level, we find that approximately 25 per cent of total R&D spending in Norway is
related to energy issues in general. Not surprisingly, petroleum related R&D stands out as the most
important form of energy in this context, especially in industry, but also to a large extent in the re-
search institute sector. R&D related to renewable energy is mostly conducted in the research insti-
tute sector.

If we focus on R&D related to environmentally friendly energy, we find that social science constitutes
just 7 per cent of the energy-related R&D in the institute sector and 14 per cent in the higher educa-
tion sector.

The scientific collaboration has evolved rapidly over the last fifteen years. From a very fragmented
and more or less national scenery the Norwegian research organisations active in the field have de-
veloped both national and international linkages. The main explanation for this rapid change is net-
working through FME centres. Direct collaboration between the main Norwegian universities is less
prominent, while a number of the most central research institutes collaborate with different Norwe-
gian universities. The SNA shows also that involvement of business actors or other types of non-aca-
demic actors is much less prominent in social sciences on energy research. This remains an un-
tapped resource for the Norwegian researchers.

NTNU stands out as the most important Norwegian institution in this field of research, followed by
NMBU. A number of research institutes also play a central role, both individually and as important
“bridges” in the national networks of collaboration.

Economics seems to be the sub-discipline of social science which is most frequently associated with
energy research. This appears both from the bibliometric analysis and from the study based on R&D-
statistics. The dominance of economics in the social science research on environmentally friendly
research confirms findings of Sovacool (2014). Transformation studies on environmentally friendly
energy are still less prominent in our sample. Hence the contribution to policy development is still lim-
ited.
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The purpose of this paper is to analyse the contribution of funding to the institutionalisation of new
norms or behaviours in research systems. The paper is a qualitative deep case study of a funding
initiative directed at scholars in the HSS area and intended to persuade them to engage in collabora-
tive research partnerships with corporate and other societal actors. The research is based on semi
structural interviews with the funded researchers and with the funding agency. The paper finds that
participation in this funding arrangement provided researchers with valuable experience in collabora-
tive research while at the same time deepening their commitment to remain at the university. The pa-
per provides additional qualitative insights into the factors that drive HSS-societal research collabora-
tions.



2.5.3 External research funding instruments and novelty in university re-
search - Findings from Finland

Antti Pelkonen
VTT Technical Research Centre of Finland
P.O. Box 1000, 02044 VTT
Finland
antti.pelkonen@utt.fi
http://www.vtt.fi

Keywords: Research funding, Funding instruments, Novelty, Excellence, Ground-breaking research,
Finland, Research policy

Recently societal expectations for university research have grown, one manifestation of which is the
increasing call for scientific excellence: attainment of ‘world-class excellence’ and production of
‘ground-breaking' or 'frontier research' (OECD 2014; Langfeldt et al. 2013). At the same time, univer-
sity research has become ever more dependent on external funding sources. This change has taken
place gradually during the last two or three decades across many countries (e.g. Bloch & Sorensen
2014).

Given the growing importance of external, project-based funding and the increasing stress on excel-
lence or even ground-breaking research at universities, it is important to examine how university re-
searchers are using different types of research funding sources and what kinds of conditions these
sources provide for the researchers. To what extent to do the existing funding channels provide the
means to attain ‘frontier reseach’? Furthermore, as research funding agencies, instruments and
schemes are often studied and assessed individually (“in isolation”), there is a lack of a more sys-
temic understanding of what kind of an entity the different funding instruments form as a whole from
the researchers’ perspective. Morever, our understanding on the role of research councils and re-
search funding agencies more generally in funding new research avenues in terms of highly innova-
tive research is scarce (Heinze et al. 2009, 613).

This paper examines the use of external project-based research funding instruments by researchers
at Finnish universities. The main focus here is on aspects of novelty and creativity in research and on
how different research funding instruments promote these aspects. We seek to answer the following
questions:

+  What kinds of conditions different research funding instruments set and create for researchers to
carry out research?

» How and to what extent do different research funding instruments enable, facilitate or encourage
research that can lead to discoveries with important industrial, economic or social implications?

+ To what extent are the studied funding instruments able to promote highly innovative ideas in re-
search?

At present many research funding agencies aim at funding highly innovative, or even ground-break-
ing, research. However, it is a complex issue what kinds of funding instruments and related grant
conditions actually provide researchers with such circumstances that are inclined to lead to excel-
lence in terms of high-risk and path-breaking research (Bloch and Sorensen 2014; Laudel & Glaser
2014). Previous studies provide some insights into this question, suggesting elements that may be
conducive to innovative research, such as:

+ Leeway. Many studies suggest that freedom to define and pursue individual scientific interests is
central for scientists to be “highly creative” (e.g. Heinze et al 2009, 616). For external project-
based funding at universities that implies that researchers’ ability to define the research question
and problems of the project is highly significant in terms of its innovativeness. Furthermore, it has
also been pointed out that ground-breaking research calls for freedom and flexibility also during
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the project, so as to enable scientists to seize up-coming openings, and, if needed to chance
original research plans (e.g. Zoller et al. 2014).

+ Stability. Stability refers to the duration of the funding as well as to the possibility to renew the
grant. Stability of funding has been found to be highly significant from the researchers’ perspec-
tive as it allows continuity and enables concentration and absorption to the research topic and
data at hand (e.g. Bloch et al. 2016; Baillou et al. 2002). Accordingly, long-term stable funding
seems to be connected with high-impact, ‘explorative mode’ research while short-term funding is
inclined to lead to more risk-averse, ‘exploitation mode’ research (Heinze 2008, 303).

* New research lines. Innovative, path-breaking research is by definition a risky endeavour the re-
sults and outcomes of which are not known beforehand and highly uncertain (Luukkonen 2012).
In order to carry out such research, scientists need to have the possibility to open up completely
new research lines in the field of study, formulate novel ideas that open up new cognitive frames,
to adopt and develop novel approaches and methods as well as to take risks. Ground-breaking
research is characterized by new openings and opportunities of paradigmatic shift or a revolu-
tionary change but includes always a high degree of uncertainty. However, such risky research
may be difficult to get supported through external funding as new ideas may simply be “too new”
(Laudel 2006) and due to the inherent conservative bias of the peer-review system leading to the
situation where innovative, path-breaking research is not accepted by peers and hence elimi-
nated (Linton 2016).

* Moving to new field. This refers to the possibility to move to a new research field in which the re-
searcher does not have previous activity (i.e. “field-hopping”). Heinze et al. (2009, 619) noted in
their study that scientific breakthroughs often take place through scientists moving to a new field
or through integration of new fields to their previous area of research. However, getting into a
new field may prove particularly difficult through external project-based funding as agencies’
funding criteria often require that a researcher has track-record the given field to prove his or her
credibility to study the particular topic (Laudel 2006).

Through these four dimensions, the paper examines and analyses the principal Finnish research
funding instruments and schemes. The principal data for this study consists of 59 thematic interviews
with research group leaders at universities in Finland. Interviews were carried out in six research
fields (computer science, chemistry, cancer research, urban studies, energy research and archaeol-
ogy) and seven universities (Aalto University, University of Helsinki, University of Turku, University of
Jyvaskyla, University of Oulu, Lappeenranta University of Technology, University of Eastern Finland).
When choosing the objects of study, the aim was to provide diversity of different science fields and
organisations. In addition to the interviews with research group leaders, 20 interviews with represent-
atives from research funding agencies, science policy administration and university administration
were carried out in order to gain a deeper understanding of the research funding environment and
changes therein as well as funding agencies’ aims, funding criteria and requirements as well as pro-
cedures regarded funding they grant. Additionally statistical information and document material re-
garding the research funding system have been used in the analysis.

The study shows that the Finnish research funding system lacks a funder that would strongly encour-
age risk-taking and support novel approaches. Furthermore, there seems to be an overall increase of
thematically predefined funding vis-a-vis free researcher-driven funding. In certain research fields
and universities, it is felt practically impossible to obtain funding for "free", researcher-driven re-
search. The paper also highlights that research at universities is practically only conducted through
external funding. Research group leaders have to use increasing amounts of time and energy for se-
curing funding for their groups. In some cases external research funding is also used to support
teaching. This leads us ask whether this is situation sustainable and optimal from the perspective of
research groups' possibility to carry out high-level, world-class research.
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3 Track 3: Policy Mixes and New Instruments for Transforming In-
novation

Track 3 was organized by Karoline Rogge, University of Sussex, Florian Kern, University of Sussex,
and Eva Buchinger, AIT Austrian Instiute of Technology, Center for Innovation Systems & Policy, and
included four Sessions.

Within innovation studies, there has recently been an increasing interest in policy mixes with several
contributions published in Research Policy (Flanagan et al. 2011; Magro and Wilson 2013; Quitzow
2015; Kivimaa and Kern 2016) and other innovation studies journals (Borras and Edquist 2013;
Reichardt and Rogge 2016; Reichardt et al. 2016; Uyarra et al. 2016). Policy mixes can be under-
stood as “complex arrangements of multiple goals and means which, in many cases, have developed
incrementally over many years” (Kern and Howlett 2009: 395). While it has long been acknowledged
that a combination of technology push and demand pull instruments is required for stimulating inno-
vation (e.g. Freeman 1987, OECD 1999, EC 2003, Aho et al 2006, Aschhoff and Sofka 2009), how
such instruments interact and form policy mixes has only recently become of interest to the STI com-
munity (e.g. Nauwelaers et al. 2009, Flanagan et al. 2011). There is also an emerging discussion on
the need for systemic instruments to address grand societal challenges (Wieczorek and Hekkert
2012, OECD 2015a) or the need for novel STI policies to foster transformative innovation (Schot and
Steinmueller 2016, Edler and Yeow 2016).

It has been increasingly pointed out that today’s grand societal challenges, such as addressing
health, climate change, and security, call for new approaches to design and combine policy instru-
ments (Bason 2014, Carstenson and Bason 2012, Kimbell 2015, Tonurist, Kattel and Lember 2015).
More specifically, it has been argued that policy mixes are required in order to address not only tradi-
tional market failures such as underinvestment in R&D or negative environmental externalities such
as greenhouse gas emissions, but also structural and transformational system failures, such as insti-
tutional failures or failures regarding guiding the direction of a transformation process (Weber and
Rohracher 2012). However, the majority of academic contributions so far focused on policy mixes as
portfolios of instruments originating from various governance levels and policy fields, paying particu-
lar attention to interactions between instruments (del Rio 2014, Guerzoni and Raiteri 2016). Yet, in
the context of transformations 2 (or what the OECD calls system innovation), a broader perspective
on policy mixes has been proposed (Weber and Rohracher 2012; Flanagan et al 2011; Rogge and
Reichardt 2016).

This has a number of implications for policy mix research in the context of transformative STI policy:
First, the need for steering the direction of innovation is argued to require greater analytical attention
to credible long-term policy strategies, such as the recent Paris Agreement on limiting global warm-
ing, and their role in redirecting corporate innovation strategies (Schmidt et al. 2012; Rogge et al
2011). Second, studies have argued for greater attention to the policy processes through which such
policy strategies, targets and instruments come into being, both because of their explanatory power
regarding the design of policy mixes and due to their direct influence on innovation processes
(Boekholt 2010; Chung 2013; Williamson 2015). Third, attention has also shifted to the co-evolution
of policy making and technological change and thus to dynamic changes in policy mixes (Hoppmann
et al., 2014; Reichardt et al. 2016). Forth, there is also a critical appreciation that real-world policy
mixes may never be completely consistent and coherent but that policy makers should strive for an
increased coordination across policy levels and policy fields to improve the effectiveness of these
mixes for stimulating innovation (Flanagan et al. 2011; Kern et al. 2017). Fifth, it has also been ar-
gued that in the context of grand societal challenges innovation policy mixes aiming at structural
change within a sector such as energy, transport, and health may need to pursue simultaneously the
‘creation’ of new innovations as well as the ‘destruction’ of incumbent systems (Kivimaa and Kern
2016). Sixth, because of the inherently ‘experimental’ nature of STI policy new practices and models
focusing on inclusive policy making and co-creation are seen as a promising new avenue to achieve
robust innovation policy results for growth, jobs, and welfare (OECD 2015b; OECD 2016).



This research session aims to bring together papers which address such a broader policy mix per-
spective for transformative STI (including novel ST instruments) and as such specifically calls for
contributions addressing the following topics:

»  Conceptual improvements of policy mix thinking: How can we better conceptualise policy mixes
for system innovation and go beyond an understanding which purely focusses on desired combi-
nations of instruments?

» Policy mix characteristics: Which influence do broader characteristics of policy mixes, such as
their consistency, comprehensiveness, credibility or coherence have on STI?

» Directionality of policy mixes: What is the role of long-term policy targets and their credibility for
innovation processes? How can governments improve the perception of the credibility of policy
signals by innovators? How do companies make sense of conflicting policy signals and how
does this influence their innovation strategies?

» Co-evolutionary dynamics of policy mixes: How do policy mixes emerge over time, how do they
impact on STI, and how do these impacts influence the further evolution of policy mixes?

» Next generation innovation policy instruments: Which new instruments could be utilized to con-
sider the changing relationship between citizens, science, industry, and policy? What is the po-
tential of demand-side measures such as innovation procurement, regulation and standards and
how can demand-side and supply-side policies be integrated in an effective policy mix? How can
co-creative and inclusive mechanisms such as innovation policy labs, sandboxes and incubators
facilitate the match between supply and demand for innovative ideas?

» Assessment of instrument interactions: How to analyze the effects of simultaneously existing pol-
icy instruments and the feed-back loops between them in innovation ecosystems? How do next
generation innovation policy instruments interact with other measures within the policy mix?

» Policy processes and policy mixes: What can STI scholars interested in policy mixes learn from
the policy studies literature? How can we analyse the politics of policy mixes aimed at address-
ing transformative change? Which implications can be drawn for managing resistance to
change?

» Institutional implications of policy mixes: Which implications result from the complexities arising
from policy mixes for innovation for institutional designs, administrative capacities, and policy
learning across multiple jurisdictions?

+ Policy mixes for creative destruction: Which role do policies aimed at phasing out undesired
technologies or practises play for innovation in competing alternatives?

+ Methodological novelty in analysing policy mixes: Which research designs, novel qualitative and
quantitative methods, new data sources and operationalisations of policy mixes are best suited
to studying policy mixes and their role in transformative innovation processes? Which are useful
approaches for boundary setting and establishing causal relationships between policy mixes and
innovation?

We invite conceptual as well as empirical papers which address any of the questions raised above.
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The transition to a sustainable energy system is a major societal challenge requiring profound trans-
formations in existing socio-technical systems (Markard et al, 2012). These processes have been
addressed by the sociotechnical transitions literature that called the attention to the role played by
radically new technologies, being developed in niches, which have strong transformative potential
(Kemp et al, 1998; Schot and Geels, 2007). These technologies and the socio-technical systems de-
veloping around them often need temporary protection against the selection pressures of the estab-
lished regimes (Smith and Raven, 2016); and supportive policies are a fundamental mode of protec-
tion (Kivimaa and Kern, 2016). In the case of sustainable energy technologies, policy support is fur-
ther justified by the need to accelerate the transition process (which is usually a long term process),
given the urgency of fighting against climate change (IPCC, 2014).

The process of sustainable energy transition has been characterised by the emergence of a variety
of renewable energy technologies evolving at different paces (Ellaban et al, 2014), which co-exist but
also compete for attention and resources (Verbong et al, 2008). This variety has implications for pol-
icy, since the definition of supportive policies involves decisions regarding the role played by different
renewable technologies in a broader policy strategy, and regarding the definition of a mix of policy
instruments that takes into consideration the specific requirements of individual technologies, but
also accounts for the complementarities between them (Rogge and Reichardt, 2016). The outcome
of these policy making processes has consequences for the development of the new socio-technical
systems being built around the different technologies. Thus, in order to understand how policies can



contribute to the development and eventual take-off of sustainable energy technologies, it is neces-
sary to gain a better grasp of the processes that influence the definition and change of the policy
mixes addressing them.

The innovation policy literature has increasingly pointed out that policy making is influenced by a va-
riety of factors and shaped by a multiplicity of actors, internal and external to the policy space (Flana-
gan and Uyarra, 2016). Given the emergent nature of the technologies (and of the policies support-
ing them) policy making is also a dynamic and potentially non-linear process, where changes in ac-
tors’ expectations/perceptions about the technologies (Bakker and Budde, 2012) or actual changes
in technology/niche trajectories (Geels and Raven, 2006), can have important impacts upon deci-
sions regarding (modes of) policy support.

Against this background the paper proposes that an understanding of the process of policy definition
and change will require examining three interrelated dynamics: i) the impact of policies on the con-
duction of the socio-technical processes that can drive niche development and breakout (Rothmans
et al, 2001); ii) the impact of niche-level processes on policy making - either directly through niche
actors purposive advocacy (Raven et al, 2016), or indirectly through the way niche trajectories affect
policy makers perceptions of technologies’ growth potential and/or contribution to broader economic
and social goals (Normann, 2015); iii) the impact of “external shocks”, e.g. events originating in paral-
lel niches, in contiguous systems, or at the landscape level that may have unanticipated effects, in-
ducing changes in system development trajectories and/or in policy makers views (Hoppman et al,
2014). In other words, it is necessary to address the co-evolution between policy making processes
and system building processes and the ways they affect each other. However, while the co-evolution
between policy making and technological change is increasingly referred in innovation policy re-
search (cf. this call), empirical analyses that address such co-evolution and provide an understand-
ing of the actual processes taking place and the type of factors that shape them, are still scarce (e.g.
Hoppman et al, 2014; Reichardt et al, 2016; Matti et al, in press).

The paper addresses this gap. It analyses the process of formulation, implementation and change of
a policy mix aiming at fostering the development and diffusion of marine renewable energies, focus-
ing on the interplay between the processes that took place at policy level and the dynamics of the
niche(s) where technologies were being developed. The objective is to investigate how such inter-
play can contribute to explain a cycle of policy support, policy divestment and policy re-orientation;
and its impact on the non-linear development of a new socio-technical system. These processes are
also positioned in an context characterised by the presence of other renewable technologies, dis-
cussing both the influence on policy formulation of previous experiences with a more mature technol-
ogy, and the changes induced by the emergence of a new technology that share the same space.

In order to investigate the interplay between the policy making process and the building of the new
socio-technical system, the paper combines theoretical contributions from socio-technical transitions
and policy studies. Regarding the former the paper draws on the strategic niche management litera-
ture, in particular recent advances to this literature which address the processes that enable niche
development and breakout (Geels and Raven, 2006; Smith and Raven, 2012; Kivimaa and Kern,
2016). Regarding the latter, the paper draws on broader conceptualisations of policy mix for sustain-
ability transitions that integrate policy strategies, instrument mixes and policy processes (Rogge and
Reichardt, 2016); as well as on critical approaches to innovation policy that highlight its emergent
and complex nature (Flanagan and Uyarra, 2016). Following both streams, particular attention is
given to policy processes and, in particular, the role played by a multiplicity of actors, with diverse
interests and positioning, on the conduction of these processes. To strengthen this approach, we
also draw on contributions from the policy studies literature that address actor roles in policy making
and in policy change (e.g. the advocacy coalitions framework: Sabatier and Weible, 2007; Markard et
al, 2016) and from the literature on expectations (Bakker et al, 2011; Bakker, 2014), as well as on
insights from cognitive psychology on sense-making and creative adjustment processes (Perls et al,
1951).

The empirical research focuses on the processes that took place, over the past two decades, aiming
at building an “ocean energy system” in Portugal. Adopting an historical perspective, it examines the
process of policy mix formulation, implementation and change; and confronts it with the process of
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construction of a wave energy technological niche (emergence, apparent take-off, hype, decline and
slow recovery), and with the sudden emergence of a competing/complementary technology - floating
offshore wind - and its subsequent take-off. The analysis of the policy making process is based on
policy documents and interviews (conducted in 2015-2016). It examines: the early strategy definition;
the design of a purportedly “systemic” instrument mix; the difficulties confronted with its implementa-
tion; the partial abandon of the “systemic” approach; and a substantial policy re-orientation. The anal-
ysis of the system dynamics draws on and extends previous research on the development trajectory
of wave energy and offshore wind (Fontes et al, 2016; Bento and Fontes, 2017). The research identi-
fies and attempts to explain key turning points, focusing on critical periods/events at policy and sys-
tem levels, and on the behaviour of actors/coalitions of actors that had a role in policy definition and
policy change.

The results show that the initial decision to support marine renewable energy technologies, the pro-
cess of formulation and implementation of policy mixes, and the changes in level and modes of pol-
icy support were effectively subject to a variety of influences, internal and external to the “policy
space”. They uncover a diversity of interactions between that “policy space” and the “socio-technical
space” being built around the new technology, as well as between these and broader political or so-
cio-economic developments. In particular, the research shows that policy processes “internal” to the
policy space are in fact strongly influenced by processes taking place in the socio-technical space.
These include the proactive behaviour of different groups of system actors (sometimes with divergent
interests), who attempt to shape the policy making process by matching positive visions of future
system development with broad policy goals; who act in answer to the announcement or the imple-
mentation of policies (or its lack) producing particular outcomes that may lead policy makers to adjust
their perceptions on the (value of) the technology, or on the effectiveness of the policies; who at-
tempt, over time, to capitalise on positive developments or to defuse the effects of the negative ones,
including the impacts of “external shocks”, by interpreting and making sense of changing conditions,
re-articulating expectations and lobbying towards the re-setting of policy agendas.

Overall, this case suggests that policy making to foster the development of new socio-technical sys-
tems is a more complex and non-linear process than it is sometimes assumed in the innovation pol-
icy literature. Not only policy level and system level processes are shown to be multifaceted and un-
certain in their own right, but they also interact over time influencing (positively or negatively) each
other dynamics. Moreover, the development of new socio-technical systems takes place in broader
political and socio-economic spaces, which means that other dynamics and sudden external events
can have unexpected effects on either policy making or system trajectory, introducing added com-
plexity and non-linearity.

This paper adds to recent research that moves beyond the analysis of the impact of innovation poli-
cies on the development of new technologies, acknowledging that policies (both design and change)
do not emerge from abstract processes, but are shaped by the interests and efforts a variety of ac-
tors from inside and outside the policy space. Thus, the paper answers to the call on the need to in-
vestigate “how do policy mixes emerge over time, how do they impact on STI, and how do these im-
pacts influence the further evolution of policy mixes.” More generally, it adds to the broader debate
on the co-evolution between policy making and technological change.

Finally, the paper brings into focus the frequently overlooked policy dilemmas associated with the
presence of a variety of technologies that propose different paths in the process of sustainable tran-
sition, contributing to a discussion of how to integrate this variety into policy design.
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Conceptual framework

Energy efficiency is one of the core pillar of the EU energy and climate strategy. Accordingly, there is
growing interest in understanding the role played by different combinations of the available policy in-
struments and innovation efforts in stimulating and directing technical change in this specific domain.
In particular, the literature has recently focused on the role of policy mix, a concept that at its basics
considers the combination of policies into a composite set, but that also includes the processes
through which different instruments emerge and interact (Flanagan et al., 2011).

In the specific context of analyses of policy mix designed to promote eco-innovation, Rogge and
Reichardt (2016) make an effort to clarify the meaning of the main characteristics of policy mix identi-
fied in previous literature, both with regard to policy processes and instruments combinations. In par-
ticular, regarding the instrument mix, they refer to its consistency when positive interactions between
different instruments take place and to its comprehensiveness, defined as the degree to which the
instrument mix addresses all the three policy purposes of technology-push, demand-pull and sys-
temic concerns. These characteristics are expected to impact the performance of policy mix, though
in a differentiated and context-specific way, depending on the features of each innovation system
(Borras and Edquist, 2013).

Empirical studies that focus on the effects of policy mixes on innovation (Guerzoni and Raiteri, 2015)
and in particular on eco-innovation performances (Reichardt and Rogge, 2016; Uyarra et al.,2016)
represent a limited though rapidly expanding area of research. Following these contributions, here
we propose a descriptive analysis based on a large sample of EU countries that aims to measure
some significant characteristics of the policy mix and map European countries in terms of energy effi-
ciency policy, trade and innovation dynamics over the past twenty years.

The empirical analysis we propose focuses on the case of energy efficiency (EE) technologies in the
residential sector, which appears to be appropriate since a large number of different policies in sev-
eral countries aims to enhance EE, especially by fostering the generation and diffusion of new tech-
nologies (IEA, 2015; Sovacool, 2009). In the examined case, the full range of demand-pull, technol-
ogy-push, soft and systemic instruments are available and used in policy mix frameworks, allowing
us to derive a comprehensive picture of the implemented policy mix across EU countries via the con-
struction of ad hoc policy mix characteristics measures. Following Costantini et al. (2017), we first
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focus our attention on the balance in the policy mix between demand-pull and technology-push in-
struments and, then, we move to the analysis of policy mix comprehensiveness in the policy domain
of EE in the residential sector.

In particular, by applying a descriptive statistical tool as the cluster analysis, we map country groups
according to several characteristics influencing energy efficiency dynamics. This clustering proce-
dure is applied considering policy, trade, energy and innovation dynamics in the residential energy
efficiency domain in order to investigate the co-evolution of policy mix and technological trajectories.

Furthermore, since the policy decisions adopted by other countries are likely to influence domestic
innovation performance (Dechezleprétre and Glachant, 2014; Peters et al., 2012), we map EU coun-
tries against similarity measures between domestic and foreign policy mixes. In this respect, the spe-
cific domain under scrutiny is particularly favourable in investigating also trade-related bilateral rela-
tionships since the standard SITC classification at 4 digits allows disentangling export flows of do-
mestic electrical appliances that are subject to the policy mix here mapped.

Data and methodology

Data and indicators

The empirical analysis is carried out on a panel of 19 European countries! in the period 1990-2012.
For all the considered countries, several variables representing the characteristics of national energy
efficiency system have been included.

Innovation: following the contribution by Costantini et al. (2014), innovation in the EE domain is
measured by the count of patent applications filed at the EPO by EU countries over the period 1990-
2012 from OECD STATS. Accordingly, the patents included combine the technologies in the class
Y02 of the Cooperative Patent Classification (CPC) with those relative to the residential EE appli-
ances, thus including the following main technological domains: Insulation, High-efficiency boilers,
Heat and cold distribution and CHP, Ventilation, Solar energy and other RES, Building materials, Cli-
mate control systems and Lighting. The selected patents applied to the EPO are classified by appli-
cation date and assigned to the applicant’'s country. When multiple assignee countries are present
for a single patent, we have assigned a proportion of the considered patent to each country on the
basis of the number of assignees for each country. Patents number is used to build different
measures of technological comparative advantages (Archibugi and Pianta, 1996) and specialization
(van Zeebroeck et al., 2006) in order to map the dynamics of EU technological trajectories over time.

Demand-pull policy: we consider the impact of energy taxation on the market price in energy demand
for the residential sector as a price-based instrument. Data collected for such policy come from the
Electricity and natural gas prices and taxes from EUROSTAT database for the residential sector and
from the Electricity and natural gas consumption from EUROSTAT database. Since we are inter-
ested in capturing the role of this policy in affecting residential energy consumption and consequently
favouring EE innovation, we calculate the average tax rate applied to energy consumption in the resi-
dential sector for each country and year as an ad valorem equivalent on energy market price.

Technology-push policy: this policy instrument is quantified by taking data on public R&D efforts in
EE (expressed in million Euro at 2010 constant prices) taken from IEA Technology Statistics (IEA,

online database) as stock of R&D expenditures according to the Perpetual Inventory Method with a
15% depreciation rate.

11 The 19 European countries included in the analysis are: Austria, Belgium, Czech Republic, Germany, Denmark, Estonia, Greece, Spain, Finland, France,
Hungary, Ireland, Italy, Netherlands, Poland, Portugal, Slovakia, Sweden, United Kingdom.



EE policy instruments (including soft and systemic instruments): we collect information from the IEA
database on Energy Efficiency Policy Online Database (IEA, 2016) in three sectors (buildings, light-
ing, residential appliances) for EU countries in the 1990-2012 period, classified in six types: Eco-
nomic instruments; Information and education; Policy Support; Regulatory instruments; Research,
development and deployment; Voluntary approaches. Considering the qualitative information of the
IEA database, we have assigned value 1 if there is a policy for each country and year. The final
measure is given by the sum of counts as the cumulative number of policy instruments in force at
time t in country i. According to Johnstone et al. (2010), this modelling choice allows the whole
range of policies still in force at time t in country i to be considered for each year and changes occur-
ring to policies over time can also be accounted for.

Considering these information we build the following quantitative measures of policy mix characteris-
tics:

Policy mix balance: the balance between demand-pull and technology-push instruments in the do-
mestic policy mix is computed as the difference between these two policy domains.

Policy mix comprehensiveness: we proxy this policy mix characteristic by computing an aggregate
stock of total policies for EE given by the sum of the stocks of policy instruments belonging to the
whole range of policy types as obtained by the IEA EE policy database.

Bilateral export flows: country-pair trade relationships are taken from the UN-COMTRADE database
and cover the class 775 of SITC Rev.3: Household-type electrical and non-electrical equipment,
n.e.s. (Household-type laundry equipment, refrigerators and food freezers, Dishwashing machines,
Shavers and hair clippers, Electromechanical and Electrothermic domestic appliances). Such data
allow also building a set of trade-related measures according to the revealed comparative ad-
vantages approach as the Balassa indices, which could help shaping the dynamic clustering process
of international economic competitiveness of selected countries.

Energy: we include several variables representing the energy country profile, such as national en-
ergy consumption, imports, energy efficiency measures and temperature. Furthermore, given the fo-
cus of the analysis, we also introduce specific information on the residential sector.

Finally, in order to analyse the intra-cluster relationships we build two further indicators: the intra-
cluster policy balance similarity, which considers the policy balance distance between each i-th coun-
try and the other countries belonging to the same cluster, and the intra-cluster export share of energy
commodities of each country.

Cluster analysis

We perform a cluster analysis applied to distinguished sets of indicators in order to group EU coun-
tries with respect to four main dimensions: policy mix, competitiveness, energy and innovation. Fol-
lowing the approach applied by Costantini et al. (2016), we perform a preliminary principal compo-
nent analysis (PCA) to avoid potential correlations between variables. Then, each cluster analysis is
conducted in two steps. The first one consists of a hierarchical cluster analysis that is needed to de-
termine the optimal number of clusters. When the number of groups is defined, the second step con-
sists of using the number of clusters to inform a non-hierarchical k-means clustering process
(MacQueen, 1967) by imposing the number of clusters obtained in the first step. At the end of the
process, the final composition of the cluster is achieved according to which we can map the EU
countries based on different indicators and identify different country group characteristics. By graph-
ically analyzing clusters in terms of countries belonging to groups obtained by a clustering process
applied to different characteristics (e.g., policy mix features, technological specialization of interna-
tional competitiveness) we shed lights on the co-evolution of policy mix and technological trajectories
and the related energy and trade performances.
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Results and policy implications

The empirical analysis is expected to provide different evidences that are capable of enhancing our
knowledge on the characteristics and co-evolution of the energy efficiency system and map Euro-
pean countries in terms of four dimension (policy, trade, energy and innovation dynamics) over the
past twenty years.

Firstly, the use of the aforementioned policy mix indicators allows us to identify the different charac-
teristics of national policy mixes, highlighting that some countries are more technology-push oriented
while, in others, the demand-pull component prevails. Considering that the balance between these
two policy pillars emerged as a key characteristic to be addressed when designing policy mix (Cos-
tantini et al., 2017), this information appears to be relevant to evaluate the positioning of single coun-
tries with respect to this dimension. Similar conclusion also holds for the policy mix comprehensive-
ness indicator. However, there is a threshold level beyond which some negative interaction effects
may occur as a result of policy fragmentation.

Furthermore, there is the evidence that there is not a direct relation between the degree of eco-inno-
vation (in terms of EE patents) of a country and its degree of trade specialization in that field. This
suggests the existence of value chains so that a part of Europe contributes to innovating and provid-
ing new technologies, while another part of Europe implements them to produce and export final
commodities.

Finally, results appear to have interesting policy implications as positive spillover effects might arise
between countries characterized by a similar policy balance and by a high level of bilateral trade. In-
deed, when trade integration is coupled with a strong policy coordination, the effect of technological
innovation patterns is not confined into the domestic borders but it reinforces among countries, due

to the presence of knowledge spillovers.
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While the policy mix concept has become popular in innovation policy literature as a result of new
combinations of policy rationales and the corresponding broadening and deepening of innovation
policy (Flanagan et al., 2011, Borras, 2009), evaluating innovation policy mixes is a complex task
(Magro and Wilson, 2013). Yet this complexity is more due to governance challenges than to specific
technical issues related to the evaluation methods to be employed. As such one of the main chal-
lenges for evaluating policy mixes is to go beyond traditional (and often isolated) impact evaluations
that search for optimum policies and by extension for an optimum policy mix. Indeed, an optimum
policy mix is elusive precisely because it depends on the context in which the policies are embedded.
That is to say, the behaviour of instruments and their impacts are conditioned by the context in which
they are embedded, the policy framework and domains to which they are responding, and the spe-
cific place in which they impact. Above all, they are conditioned by the governance context through
which policies emerge and evolve over time.

The importance of place and context for innovation policies can be appreciated in the shift in both
literature and practice from spatially-blind innovation to place-based innovation policies (Barca, 2009;
McCann y Ortega-Argilés, 2015). Place-based policies have been most clearly developed in the con-
text of regions, in which the notion of geographical proximity is a key element in innovation pro-
cesses as geographical closeness facilitates tacit knowledge-sharing (Moulaert and Sekia, 2003).
Smart specialisation strategies can be considered the latest generation of regional innovation poli-
cies, having been widely spread among European regions with the impetus of the European Com-
mission (and structural funding conditonality that insists all regions have a Research and Innovation
Strategy for Smart Specialisation or RIS3). These strategies are rooted in previous place-based inno-
vation policies but shift the focus towards the explicit prioritization of activities based on regional ca-
pabilities, and in many cases focused on the addressing of grand societal challenges. Indeed, in this
sense they represent a coming together of science, technology and innovation (STI) policy with a
new form of industrial policy (Aranguren et al., 2017).

A key feature of smart specialisation strategies is their treatment of research and innovation as trans-
versal elements in each region, influenced by and impacting on government policy from the whole
spectrum of government departments. Yet policy-mixes in this context have been considered more a
set or portfolio of instruments than a policy setting that might affect the directionality of innovation.
This is incongruent given the explicit aim of smart specialisation strategies to prioritise activities as a
result of a complex governance process involving actors from the quadruple helix of government,
business, research and civil society, each with vested interests.

These key features of smart specialisation strategies — their place-based nature, their orientation to-
wards grand societal challenges, their transversality, and their complex governance context — make
them extremely interesting laboratories for analysing policy mixes. In particular, we focus in this pa-
per on the evaluation challenges that are emerging through the implementation of smart specialisa-
tion strategies. Evaluating territorial strategies poses some challenges to those that already exist
around policy evaluation, as argued by Magro and Wilson (2015). It implies not only evaluating the



impact of the policy-mix, which itself is quite a complex task (Magro and Wilson, 2013), but also eval-
uating the directionality of those policy-mixes and their degree of adequacy or alignment to the strat-
egy. The shift from evaluating policy-mixes isolated from their context or policy framework towards
an evaluation of those instruments in their relation with a territorial strategy implies moving from pol-
icy learning towards strategic learning, and raises new questions around the governance of evalua-
tion processes themselves.

Governance of evaluation is often neglected in the evaluation literature. Indeed, debates have tradi-
tionally been focused on the external/internal evaluator issue with little emphasis on the process of
governance itself. Moving from individual policy evaluation to policy-mix evaluation or even to sys-
temic evaluations as defined by some authors (Arnold, 2004; Molas-Gallart and Davies, 2006; Edler
et al., 2008) poses new governance challenges. First of all, innovation policy mixes are normally de-
signed and implemented by different government actors (either political or administrative actors) op-
erating at different levels (Magro et al., 2014). Moreover, while some coordination in design and im-
plementation can be (and often is) achieved, a systemic coordination of evaluation is a much more
complex task, due in large part to the sensitivity characterising the notion of ‘evaluating’. In the con-
text of smart specialisation strategies these challenges are particularly acute given the multiple ac-
tors with a stake in research and innovation policy, both within government (in different departments
and at different levels), and outside of government (in the other ‘helixes’ of business, research and
civil society). In this new strategic approach actors are part of the entrepreneurial discovery process
but also an object of evaluation, as is the public sector. That raises potential conflicts of interest, as
strategy shapes actors behaviour and that behaviour needs to be monitored and evaluated for learn-
ing purposes.

This paper seeks to deepen our understanding of the governance of evaluation of innovation policy-
mixes in the context of smart specialisation strategies. It does so by first dissecting the concept of
innovation policy mix in the context of smart specialisation, where the issue of directionality raises
specific issues. The paper then develops conceptual arguments around the governance of policy-
mixes and their evaluation in a smart specialisation context. These arguments are illustrated and ex-
plored through the case of the Basque Country in Spain, providing insights on the different elements
to be taken into account for establishing a strategic evaluation process in a complex setting of institu-
tions and actors.
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The purpose of this paper is to identify the factors that influence the transformation of the national
innovation system (NIS) in transition economies and to reveal internal causal mechanisms that rein-
force this transformation. Economies in transition still lag behind despite full access to the European
Union (EU) markets, investments in scientific knowledge and inflows of the EU funds. Prior research
explains this so-called European periphery paradox by looking at growth enhancing policies (e.g.
competition and education) that stimulate innovation (Radosevic and Kaderabkova, 2011), the role of
the education sector (Grimes and Millea 2011, Urbanovic and Wilkins 2013, Karaulova et al. 2016),
the relationship between businesses and universities (Inzelt 2004, Binkauskas 2014), and innovation
policy (Smallbone and Welter 2012, Paliokaite et al. 2016). In sum, most approaches examine the
key components of the NIS at the micro, meso, and macro level, and their interconnections, whilst
overlooking the role of human agency within organizations, and in particular institutional entrepre-
neurship.

Theoretical background

We employ the theoretical lenses of the NIS and institutional theory in the context of transition econ-
omies. Firstly, we adapt a broad definition of NIS proposed by Lundvall et al. (2009) and Edquist
(2005). NIS focuses on capabilities (e.g. Sen, 1999) rather than resource endowments as means to
enhance social capital (Abramovitz, 1994). Knowledge and learning (Arocena and Sutz, 2005) play a
key role in the catch-up process (Abramovitz, 1986). Institutions and policies are the main causes of
development (Acemoglu et al. 2003) bringing structural changes (Kaldor, 1967). Secondly, we exam-
ine institutional theory and in particular, agency-induced institutional change (Meyer and Rowan
1977, Jepperson 1991, Scott 1995, Hoffman 1999). Institutional change is possible if actors are orga-
nized, motivated, entrepreneurial and able to exploit opportunities (DiMaggio, 1988). DiMaggio
(1988) defines such initiative to shape and change institutions as institutional entrepreneurship.
Beckert (1999) argues that institutional entrepreneurs are able to dis-embed themselves from exist-
ing institutional constrains in order to change existing or create new institutions. Garud et al. (2002)
propose to look at institutional entrepreneurs as champions that lead and strategize collective actions
that change innovative technology fields.

Method

The study is designed using critical realism approach and is based on 25 semi structured in depth
interviews with major stakeholders of Lithuanian innovation system. Participants include representa-
tives from universities, research centres, government institutions and non-profit private associations
of local firms.

Findings

Based on the interviews we conclude that the NIS of Lithuania is still in transition due to various insti-
tutional inefficiencies of the public sector such as lack of relevant organizational, managerial and en-
trepreneurial capabilities. Transformation is a systemic change and government institutions should
be the key moderators of this change. However, the interviews reveal that institutional inefficiencies



still exist due to individual (human agency) factors such as the old post-soviet mindset and low moti-
vation to change. Further analysis of the interviews points to institutional entrepreneurship as a key
mechanism that might stimulate institutional change and the overall transformation of a transition
NIS. Current best practices reveal that institutional entrepreneurs may stimulate institutional change
through various internal (within organization) and external pressures (policy level and internationali-
zation).

Contribution

The study contributes to the NIS literature of transition economies by revealing importance of the hu-
man agency role and its relation to institutional change, better organizational, managerial and entre-
prenurial capabilities. The study reveals that institutional entrepreneurship might be the key mecha-

nism in the overall transformation of a transition innovation system
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Abstract

With the growing attention to solve complex problems, a series of new forms of governance at na-
tional and international level have developed since the early 2000s. They are new because they ad-
dress strategic long-term problems in a holistic manner, they set substantive output-oriented goals,
and they are implemented through new organizational structures. Overall these new instruments
seek to coordinate diverse actors through a series of ideational and organizational elements. In ask-
ing how these new instruments emerge and evolve, this paper takes a functionalist approach identi-
fying empirically the different functions they fulfill and looking at how they mobilize the available re-
sources to fulfill them (funding, organizational, knowledge and legitimacy resources). This approach
is used in the study of product development partnerships for neglected diseases, a new type of trans-
formative instrument that brings together different partners in order to develop affordable, effective
and accessible medicines for the global poor. The paper examines in detail 4 emblematic cases of
single- and multi-disease PDPs (DNDi, EVI, IAVI and MVI). The findings show that their functions
have been evolving through time, as the PDPs are becoming more specialized and focused. How-
ever, their ability to mobilize the resources depends largely on their capability as agents to adapt to
rapidly changing opportunity structures (scientific opportunities as well as institutional opportunities).

Extended Abstract

With the growing attention to solve complex problems, a series of new forms of governance at na-
tional and international spheres have developed since the early 2000s. They are new because they
aim at addressing strategic long-term problems in a holistic manner, they set substantive output-ori-
ented goals, and they are implemented through new organizational structures. At national level this is
related to the raise of ‘systemic instruments’ to address grand societal challenges (Rogge and Reich-
ardt 2016) (Chataway, Hanlin et al. 2014), and the growing directionality and mission-oriented nature
of science technology and innovation STI policy mixes towards transformative innovation (Schot and
Steinmueller 2016) (Wieczorek and Hekkert 2012). At the international level these new forms of gov-
ernance are related to the emergence of international governance architectures which are strategic
and directional initiatives on targeted issues (Borras and Radaelli 2011) (Abbott, Genschel et al.
2014). Taken together, these new transformative instruments seek the coordination of a diversity of
actors by means of a series of ideational and organizational elements.

Product development partnerships for neglected diseases are new forms of organizations which
bring together different partners in order to develop affordable, effective and accessible medicines for
the global poor. Operating across national borders and across very different types of partners, prod-
uct development partnerships (PDPs) are relevant examples of new types of transformative instru-
ments of research and innovation. Neglected diseases pose serious problems for poor countries’
public health and development. Providing accessible medicines for these diseases are among the
most enduring and difficult grand societal challenges, as they require advanced investments in R&D
as well as expensive and long development and approval processes of those medicines. The low
purchasing power of patients has created a market failure, limiting the investment levels from private
firms in those markets. Likewise, public governments in developing countries lack the institutional
capacities to develop such advanced and capital intensive R&D investments. Product development



partnerships (PDPs) seek to overcome this double market and state failure by bringing together na-
tional governments, international organizations, universities, private firms and large philanthropies, in
the targeted effort to find suitable ways to prevent, treat and cure these diseases.

There are approximately two dozens of PDPs currently operating across borders. In many ways,
these partnerships can be seen as a serious attempt of create new types of instruments for trans-
formative governance, governing the change in the complex socio-technical systems of these dis-
eases. However, in spite of sharing similar goals and overall expectations, these partnerships differ
significantly in their structures, funding sources, knowledge expertise, regulatory strategies, and in-
teraction with public health authorities.

Based on governance studies and recent developments in the field of innovation policy instruments
(Flanagan, Uyarra et al. 2011) (Borras and Edquist 2013) (Rogge and Reichardt 2016), the present
paper develops an approach focusing on the different functions of these PDPs. Asking how these
new instruments emerge and evolve, this paper identifies empirically the different functions they fulfill
and looks at how they mobilize the available resources to fulfill them (funding, organizational,
knowledge and legitimacy resources). The paper examines in detail 4 emblematic cases of single-
and multi-disease PDPs (DNDi, EVI, IAVI, and MVI). The findings show that their functions have
been evolving through time, as the PDPs are becoming more specialized and focused. However,
their ability to mobilize the resources to fulfill these functions (funding, organizational, knowledge and
legitimacy resources) depends largely on their capability as agents to adapt to changing opportunity
structures (scientific as well as institutional).

The paper proceeds as follows. The next section reviews succinctly the literature on transformative
governance and on new policy instruments. This will serve to contextualize the new instruments of
transformative research and innovation in its broader context of changes in governance forms at na-
tional and international levels. The section after that will be devoted to develop a functionalist ap-
proach to the study of these instruments building further from recent approaches on the governance
of socio-technical systems. Section 4 will review succinctly the nature of product development part-
nerships as new instruments of transformative innovation that have emerged since early 2000s in the
field of neglected diseases. The paper will develop a typology of PDPs which will serve for the selec-
tion of 4 emblematic case studies. Sections 5 and 6 will be devoted to the analysis of the four cases
selected. The final section will summarize the empirical findings and distill their theoretical and ana-
Iytical contribution for future studies of transformative innovation instruments addressing grand social
challenges.
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1. Introduction

The term 'public procurement’ (hereafter PP) is used to identify the direct purchase of goods and ser-
vices by the public sector, which represent a relevant component of the overall economies. In 2011,
public procurement has accounted for a share of about 13% of OECD countries GDP and almost
29% of their national public spending (OECD, 2011).

Considering its dimension PP has been used as a policy instrument aimed at achieving different
goals: increasing aggregate demand, stimulating production and jobs, protecting domestic compa-
nies from global competition by encouraging investment and growth, increasing competitiveness of
‘national champions’ by fostering their innovative capacity and, finally, reducing regional disparities
(Edquist and Hommen , 2000). Not less relevantly, public procurement is included among industrial
and innovation policy tools. In fact, it can accelerate productive systems’ upgrade encouraging the
development of sectors characterized by greater technological intensity, creating new markets and
stimulating demand-driven innovative investments (Rothwell, 1983; Weiss and Thurbon, 2006;
Chang, 1994; Gerosky, 1990; Wade, 1990; Edquist et al., 2000, Mazzucato, 2013).

In recent years, an increasing attention has been posed on demand side policies to foster innovation
(Edler and Gheorghiou, 2007; OECD, 2011) and PP has been identified as a key instrument of inno-
vation policy in both developed and developing countries (Uyarra and Flanagan, 2010; Mazzucato et
al., 2015; Edquist, 2015). The strategic role of PP appears to be particularly important in the current
economic situation. The 2008 crisis has led to a sharp decline in the levels of economic activity and
employment especially in manufacturing sectors. In Europe, the crisis has led to a growing polarization
in terms of employment, competitiveness and industrial specialization (Simonazzi et al., 2013,
Stoellinger et al., 2013; Cirillo and Guarascio, 2015). In this scenario, PP is seen as a useful tool to
reverse the economic trend characterizing the majority of EU economies (Mazzucato et al., 2015). In
fact, public demand for goods and services could play a crucial role in macroeconomic terms, support-
ing aggregate demand and employment, but also reviving those innovative investment that are essen-
tial for sustaining international competitiveness and economic growth in the long run. Moreover, ori-
enting public demand towards specific areas and firms can contribute strengthening those regions and
sectors more seriously harmed by the crisis. Public demand directed towards one or more specific
production sectors, represents a key tool to promote the emergence or consolidation of production and
markets that are characterized by high growth prospects (Pasinetti, 1981; Mazzucato et al. 2015; Pi-
anta, 2015). This appears to be of particular relevance in high-tech industries, where the return of R&D
investment are strongly uncertain. In this context, public procurement produces an exogenous increase
in demand for high-tech goods and services, stimulating innovation activities carried out in order to
capture these flows of demand (Pasinetti, 1981).

After the crisis, however, not all countries followed the same strategy. The United States included
public procurement among their main countercyclical tools. Public investments have been directed
towards the upgrade of the infrastructure network as well as to foster high-tech and green sectors. The
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US have also maximized the impact of their government spending through a strategy focused on do-
mestic purchases of products (the so-called ‘Buy American’ strategy according to which the govern-
ment is allowed to purchase only domestically produced goods and services). On the contrary, the EU
responded to the crisis adopting deflationary policies directed at consolidating member states public
budgets. For these reasons, in many European countries there has been a reduction rather than an
increase in the size of public procurement. Furthermore, EU institutions does not encouraged in any
way the increase in domestic content of public procurement (i.e. no measures as the ‘Buy American’
have been adopted in Europe).

The aim of this work is to analyze the relevance of the demand-pull influence of public procurement
on innovation activities as the sectoral level. Moreover, we investigate by means of panel data econo-
metrics, if and to what extent import penetration on public procurement plays a moderating effect in
shaping the relationship between PP and innovative activities of industries. In so doing, we will try to
shed light on a possible trade-off between static and dynamic efficiency that should be taken into
account in policy choices regarding PP strategies. The analysis takes advantage of a rich dataset
providing industry-level information on economic performance, public procurement, international trade
and production as well as on R&D expenditure and patents for all manufacturing industries — 2-digits
Nace Rev. 1 — in 25 economies (Austria, Belgium, Czech Republic, Germany, Estonia, Finland,
France, Greece, Hungary, Ireland, Italy, Japan, Korea, the Netherlands, Poland, Portugal, Romania,
Russia, Sweden, Slovenia, Slovak Republic, Spain, Turkey and the US) over the period 1995-2011. In
particular, sector level information on PP derive from the WIOD database that collects Input/Output
tables for a large set of countries.

2. The dynamics of public procurement and import penetration

In the present analysis public demand is computed as the sum of goods and services - both interme-
diate and final — purchased by the public sector from a specific 2-digits sector. We follow the classifi-
cation used by Messerlin and Mirodout (2012). We identify as public sector the aggregation of the
following industries: ‘electricity, gas and water supply’ (100%), ‘post and telecommunications’ (50%),
‘public administrations and defence; compulsory social security’ (100%), ‘education’ (100%) and
‘health and social work’ (100%). For each sector i and country j, thus, the public procurement variable
reports the value of goods and services purchased by the public sector of that country j.

In the considered period the relative weight of public procurement increases significantly in China, and
to a lower extent in Japan. On the contrary, the EU27 public procurement share, in turn, slightly de-
creases between 1995 and 2000 while showing a moderate increase from 2000 onwards shrinking
again following the 2008 crisis. A similar trend is registered in the US but the latter remains above
EU27 both before and after the crisis. Remarkably, the strongest drop in the public procurement rela-
tive share between 2008 and 2011 is registered in the EU27.

As discussed, our key research question regards the impact of import penetration on the public pro-
curement-innovation relationship. Import penetration is calculated as the share of (domestic) public
procurement to sector j which is captured by foreign producers (Ramboll Report, 2011; Messerlin and
Mirodout , 2012). For example, the share of import penetration of the Italian motor vehicles industry is
equal to the share of government purchases of motor vehicles produced abroad over the total public
procurement directed towards the motor vehicles industry. The same holds for all the manufacturing
sectors of each country.

The import penetration indicator (1) is computed in the following way:

Zikt Intimport + Zikt Finimport
Tot_pubproc;;

(1)

Imp_ penj =

where the numerator of (1) is the sum of intermediate and final goods imported by the government of
country j from a certain sector i; the denominator is total public demand by the government of country



j directed towards sector i. Hence, (1) denotes the relative weight of imports in public procurement for
each manufacturing sector. Figure 1 reports the evolution of import penetration on public procurement
for selected countries.

Figure 1. Import penetration on public procurement in EU27, China, Japan and the US, 1995-

2011
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Source: our elaboration on WIOD data

The evolution of import penetration displays similar trends in the EU27and the US. After the crisis,
however, the dynamics begins to diverge. While import penetration on EU27 public procurement con-
tinues to rise, in the US there has been a sharp fall that stops, with a gradual recovery, towards the
end of 2009. During the crisis, thus, the degree of openness of public procurement in Europe and in
the US starts to diverge substantially. This evidence can be associated with the effects of 'protectionist’
measures — i.e. the ‘Buy American’ act - aimed at protecting public procurement and put forth in the
US early after the crisis explosion. A reinforced 'buy American' would seem to explain, at least in part,
the sudden divergence in the dynamics of import penetration US than Europe. The mounting import
penetration on China’s public procurement registered between 2000 and 2007, in turn, points to the
fast internationalization of the Chinese economy occurring in that period. Finally, showing the lowest
level of import penetration along the considered period, the Japanese economy displays a dynamics
similar to the US one. In particular, even in Japan a significant contraction of import penetration inten-
sity is detected from 2008 onwards.

3. Public procurement and innovation dynamics

Our econometric analysis is build on the hypothesis that aggregate demand and, particularly, public
procurement is an important driver of technological change and innovation (Edquist, 2015; Mazzucato
et al., 2015). First, we test whether public procurement is positively associated with industries innova-
tiveness — measured in terms of patents stock— accounting for the all the other standard determinants
of innovation (both technology push and demand pull elements). Secondly, we investigate if and to
what extent a relatively more intense import penetration on public procurement can affect the relation-
ship between the latter and industries innovativeness.

The econometric results confirm the importance of public demand in driving industries innovative per-
formance. That is, a positive association between change in public procurement and industries inno-
vativeness — measured in terms of patent dynamics— is detected across all the carried out estimations.
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Moreover, it turns out that a greater openness of the public sector — identified by the share of import
penetration on public procurement — negatively affects the ‘pro-innovative’ stance of public procure-
ment. This result is robust to different specifications of the Model.

Our results are in line with those contributions which identify public procurement — among the demand-
pull factors steering technological change and innovation - as a key driver of innovation in both indus-
tries and firms. However, it emerges how the positive impact of public procurement can be mitigated
by the intensity of import penetration. This result suggests that when dynamic efficiency is considered
instead of static efficiency ‘too much openness’ in public procurement policies can become detrimental
for economies as it may harmper the strategic and ‘pro-innovative’ attitude of public procurement.
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Motivation: a missing layer in innovation performance goals

Innovation is increasingly seen as the dominant policy to address both economic and societal objec-
tives. Not least due to a burgeoning literature on various rationales for and effects of innovation poli-
cies, the range of policies available to policy makers has become so great that an own strand of the
innovation policy literature is devoted to innovation policy mixes. The pursuit of the combination of
policies most effectively addressing a country’s specific innovation challenges is becoming ever more
complex.

As a survey of the innovation policy literature in Janger et al., (2017a) shows, performance goals for
innovation efforts are usually very general, framed as i) increasing the rate of innovation activities
(boost either the generation, diffusion or use of innovations, or productivity) or ii) as changing the di-
rection of innovation activities towards specific societal goals. Foray (2009) notes that goals of over-
arching technology policy are usually not discussed. By contrast, individual policy goals are usually
not framed in economic or outcome terms, but as direct results or outputs of these policies, e.g. more
R&D spending by firms is a goal of policies subsidising firm R&D efforts. We argue that there is a
middle layer missing in the hierarchy of performance goals, a layer which connects bundles of indi-
vidual policies and the overarching country-wide innovation or productivity performance.

Structural change vs upgrading as a focusing device for innovation policy

Recent research suggests that the economic effects of innovation, or innovation outcomes, must be
reflected at the sectoral level in either structural change towards knowledge-intensive sectors or up-
grading within sectors towards more knowledge-intensive segments within these same sectors (Jan-
ger et al., 2017b). Evidence shows that some countries such as Hungary do well in structural

change, while other countries are better at upgrading, such as Italy or Austria (Janger et al., 2017b).

Focusing policies on either structural change or upgrading could present such a middle layer of per-
formance goals which provides new directionality in efforts to improve overall innovation performance
or the rate of innovative activity.'? This is also relevant for achieving societal goals such as fighting
climate change, as the rate of innovative activity in a certain direction determines the speed with
which societal goals can be reached.

We propose to investigate whether this way of measuring innovation outcomes — which we call the
innovation frontier (Janger et al., 2016) — is a suitable focusing device for innovation policy-making at
the national or regional level which can guide appropriate policy mixes. More precisely, our research

12 On the directionality point, see also (Edler and Nowotny, 2015).
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question is: can we empirically isolate determinants of the process of structural change which are
different from determinants of structural upgrading?

Hypothesis-building as a basis for empirical analysis

Methodologically, we aim at first reviewing the following strands of the literature to build hypotheses
as to which factors or policies drive structural change vs. upgrading:

e Evolutionary economics (Dosi and Nelson, 2010) stresses path dependence and the cumulative
nature of technological change, which is informative for changing track (structural change) vs im-
proving established industrial strongholds (upgrading)

e The literature on localised technological change and related diversification builds on this, e.g.
Antonelli (1998) sees sunk costs as a major factor of switching costs for firms when they want to
change the capital stock or the proportions in which it is used with other inputs

e The National Innovation System literature (e.g. Soete et al., 2010) is also relevant, as in addition
to path dependence explained by capabilities of actors, path dependence is a result of linkages
which have formed historically in a NIS and may foster certain innovation outcomes over others

e The varieties of capitalism literature maintains that “coordinated” market economies specialise in
incremental innovation while “liberal” market economies specialise in radical innovation (Hall and
Soskice, 2001)

e We also want to look at the history of STI policy strategies; Freeman and Soete (2007) juxtapose
the success of the US in providing incentives for Schumpeter Mark | innovation processes (i.e. of
creative destruction driven by new entrants) with the dominance of Schumpeter Mark Il in Eu-
rope, characterized by large incumbent firms in search for innovation rents and defence of inter-
national competitiveness, whereas Berger and MIT Task Force on Production in the Innovation
Economy (2013) look at the reasons behind the decline in US manufacturing and the strong Ger-
man manufacturing.

These literatures identify factors related to structural change and upgrading. We group our hypothe-
ses as to the factors driving the distinct performance layers in three broad categories: i) framework
conditions for innovation activity, e.g. labour and product market regulation, institutional set-up of the
economy (e.g., co-ordinated vs liberal market economy); ii) education system (vocational vs general
skills, prevalence of tertiary skills), iii) R&D and innovation system, including the science system (in-
tensity of industry-science cooperation, public funding of firm R&D and innovation, bottom-up vs the-
matic funding etc). To test whether policies can separately target these two innovation outcomes, we
propose an empirical approach.

Empirical Analysis: factors driving structural change vs. upgrading

To identify performance in structural change, we use a composite of several indicators at the country
level showing levels of the share of knowledge intensive sectors in total economic output, using in-
dustry data from the recently updated OECD STAN as well as from Eurostat SBS. To identify perfor-
mance in structural upgrading, we use a composite of indicators on export quality (BACI database by
CEPII) and on adjusted R&D-intensity (OECD STAN), mirroring position of countries on the quality
ladder of industries (Janger et al., 2017b). Data will be available mostly for EU- and OECD-countries.
Each composite works as the variable to be explained by a range of explanatory variables selected
on the basis of our hypothesis building. Among these are:

e Framework conditions for innovation

Labour and Product market regulation (OECD indicators)

Start-up regulation (Doing Business indicators)

Dummy variables for institutional set-up (presence of employers association)
Density of industrial ecosystems (indicators on outsourcing vs offshoring)

o O O O
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o Characteristics of financial system (bank- vs market based)

e Data on education system

o Vocational vs general skills (OECD education at a glance)

o Prevalance of tertiary education, including distinguishing between short- and long-cycle
tertiary education, and PhD training (OECD education at a glance)

o Human Resources in Science and Technology (OECD)

e R&D and innovation system characteristics

Public funding of firm R&D (OECD MSTI)

R&D expenditure by firms, split into basic and applied research, as well as development

Tax vs direct subsidies (OECD MSTI)

Venture capital intensity (EVCA)

Employment in fast growing innovative firms (Eurostat)

Quality of science system (quality of publications; university performance in quality of pub-

lications)

o Intensity of commercialisation of academic knowledge (data on university patents and
spin-offs, licensing income)

o Size of innovation system (number of researchers relative to country size, MSTI)

o Industry-science links (co-publications, industry funding of science, innovation coopera-
tion; Eurostat, OECD)

o Size of public research sector (OECD MSTI, role of extra-university applied research in-

stitutes)

0O 0O O O o O

We try to tackle complementarities between these factors through interaction effects. Country- and
industry-specific effects will be controlled for, including varying levels of development of countries as
measured by their position relative to the economic frontier (GDP per capita). Our empirical strategy
relies on panel data estimators which allows for addressing endogeneity concerns. Nevertheless,
empirical work at such an aggregate level should be seen as a first step towards further investiga-
tions at more disaggregated levels. At the firm level, change and upgrading may also be conceived
as specialisation vs diversification. Country performance with respect to structural change and up-
grading may not just the result of recent policies and current framework conditions, but is bound to
be the result of a “dynamic co-evolution of knowledge, innovations, organisations and institutions”
(Soete et al., 2010, p. 23) over time, so that different constellations of policies, institutions and firm
capabilities may lead to different effects of the same kind of initiative or policy in different countries.

Conclusions

In terms of outcomes of this research, if we can identify separate factors which drive structural
change vs upgrading, this would speak in favour of using the dichotomy of change vs upgrading as
an intermediate performance goal layer which can guide STI policy mixes, enabling a new direction-
ality of innovation policy and potentially informing the future of STI policy.
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Focus of the paper

This paper presents work in progress on the evaluation by stakeholders of new policy instruments and
policy mixes for the management of antimicrobial resistance (AMR) in European countries. The paper
considers the practical difficulties in implementing a set of policy measures to address grand societal
challenges such as AMR. Drawing on recent policy documents from the countries studied it explores
the extent to which proposed sets of policy measures are systematically designed and whether partic-
ular groups of policy instruments are welcomed or rejected by different stakeholder groups, and why.

AMR is a major emerging global problem posing a serious impact on modern medicine. Many ad-
vances in general medicine (simple acts of surgery, cancer treatment, organ transplantation and so
on) rely on the ability to prevent and treat bacterial infections. However over the last decade, the in-
crease of antibiotic resistance (CDC, 2013; ECDC, 2017; WHO, 2014), even to last-line antibiotics
(ECDC, 2016), combined with the limited number of new antibiotics in development is leading to at
least 700 000 death yearly, which could rise to 10 million in 2050 (O’Neill, 2016). AMR has been
highlighted by the World Health Organisation (WHO) as a global health threat. In 2015, the WHO
adopted a resolution to implement a global action plan on AMR in conjunction with national action
plans in order to deliver consistent policies at national and international levels (WHO, 2015, 2016).
The problem is presented as requiring transformative change in order to be able to maintain a sustain-
able health system against the AMR threat (Morel et al., 2016; O’Neill, 2016; WHO, 2015). The paper
will focus on a specific area of policy aiming at limiting the use of current antibiotics through the devel-
opment and use of diagnostics tests. This issue is of particular importance as research has shown that
the overuse of antibiotics can lead to the outbreak of ilinesses due to resistant bacteria (Dingle et al.,
2017). Therefore the limitation of antibiotic use is of prime importance, and diagnostics are important
tools in the better deployment of antibiotics, targeting the use of particular antibiotics to the patients
that need them and avoiding use of these drugs where no bacterial infection is present.

Conceptual framing

Recent contributions in Innovation Studies call for use of innovation policies that do more than just
fostering firms’ innovativeness; they argue that innovation policy can be used to tackle grand chal-
lenges and transformative change (Fagerberg, 2016; Schot & Steinmueller, 2016; Weber & Rohracher,
2012). In this vein, a growing literature focuses on policies for technological change for sustainable
development (Kern & Howlett, 2009; Quitzow, 2015; Rogge & Reichardt, 2016; Uyarra, Shapira, &
Harding, 2016), building on literatures including innovation systems, transition management and policy
mixes, in order to evaluate and advise on policy mixes that span the innovation system.

A practical problem in the design and optimisation of policy mixes is that they evolve in situations where
often governance is dispersed among different levels and actors, and co-ordination is seen as impos-
sible (Flanagan, Uyarra, & Laranja, 2011) with actors’ constrained in their abilities to contribute to
systemic solutions: ‘actors are defined by their agency. This agency is of course enabled, shaped and
constrained by behaviour and expectations of other actors and by institutions, which themselves have
been shaped by earlier action and institutions’ (ibid: 706).
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While the evaluation of individual policy instruments (or small sets of these) is well established there
are few examples of policy mixes being evaluated (Cunningham et al., 2013). This paper demonstrates
a way to prospectively evaluate policy mixes for the development and use of diagnostics for the man-
agement of AMR — a complex context in which policy mixes are currently being developed and imple-
mented.

The proposed prospective evaluation of policy mixes seeks to reveal tensions between the ideal policy
design proposed by in the policy literature (e.g. ministerial reports on tackling AMR), and the view of
the actors/ stakeholders from across the innovation system who will work in the context of these new
policies or even take part in their implementation. The paper will explore the extent to which particular
policy instruments are welcomed or even rejected by actors from different parts of the innovation sys-
tem as well as determining the basis of their views.

The paper will provide a synthesis of instrument types based on various classifications (Borras &
Edquist, 2013; Hekkert, Suurs, Negro, Kuhimann, & Smits, 2007; Steinmueller, 2010) to characterise
the variety of measures proposed by different national efforts to manage AMR, facilitating compari-
sons. A set of policy options are presented to stakeholders, who explore their merits, limitations and
potential challenges for implementation.

Methods

This paper will draw on secondary data and interviews. The secondary data comprises a corpus of
policy documents, reports, academic articles, and policy briefs on the topic of tackling AMR with spe-
cific recommendations on the development and use of diagnostics.

The empirical analysis starts with the review of the AMR policy literature to identify policy instruments
related to the development and use of new diagnostics tools to manage AMR. The AMR challenge
has spurred a rapidly growing set of policy recommendations by academics and a wide range of policy
makers involved in ministerial, national and international efforts. These authors provide policy options
to tackle different aspects of the overall problem, including the development and use of new diagnostic
tests (aspects such as the management of AMR through control of use of antibiotics in farming or
development of new treatments are beyond the scope of this paper). The reports studied generally
provide a number of policy imperatives and recommended instruments, but more rarely do they reflect
on whether these different policies can work together effectively, or be used effectively with existing
actions already implemented.

Literature is selected depending on the country of authorship for national policies or plan (our focus is
the UK, France, Germany and Spain). France and the UK are selected due to their long standing
national actions in this domain — since the beginning of the 2000s. Germany or Spain are more recent
entrants into the policy literature on AMR - in the late 2000s and early 2010s.

In the second phase, interviews are conducted with stakeholders use multi-criteria mapping (MCM) (
Stirling, 1997; Stirling & Mayer, 2001) to ensure that each set of policy instruments is discussed sys-
tematically. In MCM, each interviewee chooses the assessment criteria which they deem important to
assess policy options. Both quantitative (scoring) and qualitative (comments about the scores given)
aspects of the MCM interview provide data on the anticipated performance envelope of policy options
(i.e. best and worst cases are discussed, including difficulties of implementation). This method can
therefore reveal insights into policy instruments and mixes that stakeholders are united behind or di-
vided on, within and across countries.

Interviews with stakeholders from the following groups are included: firms developing diagnostics, pri-
mary care physicians, pharmacists, hospital physicians, clinical laboratory staff, healthcare payors,
policymakers and patients groups.
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Anticipated outcomes

The research will contribute to an understanding of the policy mixes that would be favoured by different
stakeholder groups in different countries as well as a detailed set of challenges for the implementation
of these policy mixes. The paper will also reflect on the utility of MCM as a tool for prospective evalu-
ation of policy mixes.
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Designers of policy mixes aiming to foster sustainable socio-technical transitions face significant
challenges. Among which is having to account for uncertainty in a changing social, technical and
economic context (Hoppmann et al., 2014; Rosenow 2013). Such changing conditions mean that
revisions to policy mixes for socio-technical transitions are often necessary, and that there will be
continued policy discussions involving multiple actors over the rate and direction of travel. Policy
reformers can aim to foster transitions through supporting novel emergent technologies alongside the
current configuration (Smith and Raven 2012) and more radical reforms reducing support for the
status quo (Kivimaa and Kern 2016). Sustainability transitions are often politically contested (Smith
and Stirling 2010), and commonly feature close relationships between state actors and incumbent
industry actors who may lobby to oppose the new direction of travel (Unruh 2000; Walker 2000; Kern
and Howlett 2009). Consequently, maintaining political support for transition policies over time is
fundamental to enable socio-technical change which can take decades to unfold.

Understanding how politics and policy processes can influence the rate and direction at which socio-
technical change occurs is an important, yet underexplored research agenda in the field of
sustainability transitions. While some studies have sought to explain how individual policy
instruments or new organisations influence politics, we argue that it is important to extend the scope
of analysis to account for a range of policy instruments that make up an overarching policy mix. In
our paper, we conceptualise these processes by building on insights from the literature of policy
feedback (Pierson 1993), which draws attention to the continuous interactions between public policy,
the outcomes in society, and how these outcomes affect policy actors in ways that influence
subsequent policy making (Skocpol 1992; Patashnik and Zeilzer 2013).

At the broadest level, policy feedback refers to how policies affect politics over time (Beland 2010).
Policies can create self re-enforcing effects (Pierson 1993, Beland 2010, Campbel 2012), which
cause the costs of choosing policy alternates to increase markedly over time, creating lock-in and
path dependency (Pierson 1993, 2000). We, however, follow a recent line of scholarship which has
brought attention to instances where policy may fail to produce self re-enforcing effects (Patashnik
and Zeilzer 2013), or may produce effects that may undermine the political support for the policy mix
over time leading to policy revision or termination (Oberlander and Weaver 2015). We suggest this
analytical focus offers insights to explain the dynamic and recursive nature of how policy mixes and
the socio-technical system interact. In doing so, the contribution of the paper is to take a first step



towards better conceptualising the co-evolutionary dynamics between policy mixes and socio-
technical change, by focusing on the processes which mediate this relationship.

The paper presents a novel conceptual framework for analysis which focuses on actors in the socio-
technical system and their incentives to participate in policy making processes. The framework
highlights that policy mixes aiming to foster transformative change need to be designed to create
incentives for beneficiaries to mobilise support, while overcoming a number of prevailing challenges
which may undermine political support over time. The proposed framework aims to explore how
policy mixes for sustainability transitions generate feedback mechanisms that influence subsequent
policymaking and the evolution of the mix, and how changing conditions to the socio-technical
system strengthen or constrain policy feedback mechanisms.

We demonstrate the usefulness of the framework with an illustration of the zero carbon homes policy
mix in the UK, representing an instance of ambitious policy reform which was unsuccessful in
stimulating radical change. The paper links with the themes of the panel with a central focus on the
design of policy mixes and the changing conditions which influence the co-evolutionary dynamics of
policy mixes and socio-technical change. By better understanding these factors, policy makers can
anticipate the challenges that policy reform may face and design policy mixes in ways that can lead
to greater chances of reforms to become self-reinforcing and to facilitate transitions.
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Relevance

Over the past 10-15 years the bioeconomy has increased in importance and has been promoted as a
possible contribution to address important societal challenges such as climate change, food security,
and global health issues. It is argued that the development towards a circular bioeconomy can be
characterised as a system change as it requires fundamental changes in both production and
consumption systems (Coenen, Hansen, and Rekers 2015; Bugge, Hansen, and Klitkou 2016;
Scordato, Bugge, and Fevolden 2017). However, even if governments in many countries have
started to introduce policies addressing grand societal challenges, it remains unclear how policies
can be implemented to achieve determined goals, and also how such policies can be understood in
relation to existing policies (Kuhlmann and Rip 2014; OECD 2015; Schot and Steinmueller 2016).
Still, we know very little about the extent to which policies are in fact giving sufficient importance to
transformative failures (vis-a-vis market and structural failures). Also, to the extent that
transformative failures are given attention in bioeconomy policies, we don’t know whether this is
consistent in the policy mix or only in terms of formulating visions.

In this paper, we therefore wish to investigate the occurrences and characteristics of policies for
system change by i) exploring the rationales for policy intervention aimed at a transition to the
bioeconomy; and ii) whether and how policy mixes for transition are combined and implemented
differently in various national contexts.

Aims and research questions

The aim of the paper is to study how policies for system change towards a circular bioeconomy are
formulated, and how they co-exist along other types of policy rationales. To our knowledge no
studies have explicitly explored “real-world” bioeconomy policies from a socio-technical transition
perspective. We hence believe that this study could contribute to filling this identified knowledge gap.
The research questions guiding the study can be formulated as follows:
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* How is policy legitimized to address the transition to a circular bioeconomy (market failures,
structural system failures or transformational system failures)?

+ How can the different policy strategies identified be interpreted as an expression of a policy mix
across the three different policy rationales?

+ What are the policy strategies, instruments and policy processes characterizing the policy mixes
across the Nordic countries?

Theoretical framework

Over the past years, scholars within the field of innovation studies have increasingly been interested
in understanding the complex features of policies addressing contemporary problems, such as
climate change, loss of biodiversity, resource depletion, health and urbanisation. The solutions to
these problems, commonly defined as grand societal problems due to their unpredictable, open-
ended and complex nature, are seen as requiring broad systemic changes and novel approaches by
innovation policies (Kuhimann and Rip 2014; Schot and Steinmueller 2016). Concepts such as
Innovation policy 3.0 and Deep Transitions have recently been introduced into the scholarly debate
to indicate that it is time for innovation policy “to focus much more on the achievement of wide
systems transformations, since optimization of existing systems will not be a sufficient answer”
(Schot and Steinmueller 2016p. 17; Schot and Kanger 2016).

The importance of long-term strategic orientation in sustainability transitions is acknowledged as
having a fundamental role in giving a direction to system changes. A key assumption is that policies
play a key role for the redirection and acceleration of technological change, a central requirement for
such transitions (Weber and Rohracher 2012; Rogge and Reichardt 2016). Innovation policies for
system change, thus differs quite substantially from traditional innovation policy which is directed
towards improving generic capacities of industries, regions, etc. with the main objective to create
economic growth and employment. Policies aimed at system change can be understood as “a
horizontal policy approach that mobilises technology, market mechanisms, regulations and social
innovations to solve complex societal problems in a set of interacting or interdependent components
that form a whole socio-technical system” (OECD 2015 p.7). Weber and Rohracher (2012) have
identified four possible types of policy failures in transformative change; (a) directionality failure, (b)
demand articulation failure, (c) policy coordination failure and (d) reflexivity failure. These add to
previously identified structural innovation system failures, such as capabilities failures, infrastructural
failures, network failures and institutional failures (Woolthuis, Lankhuizen, and Gilsing 2005) that are
commonly used to legitimize and shape research and innovation policy. The different types of
failures are summarized and illustrated in Table 1.

Table 1: Different kinds of failures and policy rationales in different analytical approaches:
neo-classical, innovation systems and system innovation.

Market failures (neo-clas-
sical)

1) Too little investment in R&D,
because of the public good
character of knowledge (and
leakage) and uncertainty about
outcomes (which hinders cost
benefits calculations)

2) Negative externalities: private ac-
tors do not take negative conse-
quences into account if they can ex-
ternalize costs.

Structural system failure
(innovation systems)

1) Infrastructural failure: limited in-
vestment in physical infrastructure
because of risks (large-scale in-
vestments and long-time horizons)
and low return on investments.

2) Institutional failures: Problems in
formal institutions (laws, property
rights, regulations) creates uncer-
tainty that hinders investment and
innovation. Informal institutions

Transformational system
failures (system innova-
tion)

1) Directionality failure: Trans-
formation process will be hin-
dered by: a) lack of shared vi-
sion regarding goal and direc-
tion, b) inability of collective co-
ordination of distributed agents
involved in shaping system
change.

2) Demand articulation failure: The
exploration of new user patterns and
opening up of new markets will be
hindered by: a) insufficient spaces
and opportunities to learn about user



3) Over-exploitation of commons,
leading to over-use of public re-
sources in the absence of regula-
tions.

(norms, values, attitudes, trust, risk-
taking) may also hinder innovation.

3) Interaction or network failure.
Very strong cooperation may lead
to lock-in and inward-looking be-
haviour. Too limited interaction hin-
ders knowledge exchange and in-
teractive learning.

4) Capabilities failure: Lack of ap-
propriate competencies prevents
access to new knowledge and ina-
bility to adapt and compete.

needs, b) absence of orienting sig-
nals from public demand (e.g. public
procurement), c) lack of demand-ar-
ticulation capabilities

3) Policy coordination failure: Trans-
formation will be hindered by: a) lack
of multi-level policy coordination (re-
gional, national, European), b) lack
of horizontal coordination between
innovation policies and sectoral poli-
cies (transport, energy, agriculture),
c) lack of vertical coordination (be-
tween Ministries and implementation
agencies)

4) Reflexivity failure: Transformation
will be hindered by a lack of monitor-
ing, learning, open debate, adjust-
ment, and reflection about direction

and speed.

Source: adapted from Weber and Rohracher, 2012: 1045 in OECD 2015

Another related approach to study the policy complexities characterising societal challenges focuses
on policy mixes. The concept of policy mixes, has been used narrowly by Borras and Edquist (2013)
to define “a set of different and complementary policy instruments to address the problems identified
in a national or regional innovation system” (Borras and Edquist 2013 p.1514). More broadly the
concept also encompasses policy goals and rationales, processes of policy making and
implementation (Rogge and Reichardt 2013; Flanagan, Uyarra, and Laranja 2011). In the context of
sustainability transitions it is argued that policy mixes need to address a strategic component,
associated policy processes and the characteristics of policy mixes (Rogge and Reichardt, 2016).
Moreover, these three “building blocks” may be analysed in terms of their elements: 1) Policy
strategy (including policy objectives and principal plans) 2) Instruments (including their types and
purpose) and 3) policy processes (including policy learning and policy implementation aspects)
(Rogge and Reichardt 2016). In the real world, each of the three “building blocks” will be motivated
by certain policy rationales. Therefore, we may assume that changing policy rationales in the long
run have effects on and require adjustments in policy mixes.

Methodology and analysis

Empirically we focus our attention upon government policies encouraging bioeconomy development
in four Nordic countries (Norway, Denmark, Sweden and Finland). Like many other countries in the
world these countries have over the past decade developed policy strategies which encourages the
development of a bio-economy. In this sense, they share a strong interest in the bioeconomy with
governments at different levels worldwide (German Bioeconomy Council 2015).

The data collection includes i) document analysis, which involves an analysis of key documents in
relation to the building blocks of the extended policy mix framework described above and; ii) semi-
structured interviews with policy makers and other relevant stakeholders across the selected
countries.

The document analysis covers official governmental documents or documents that are treated in the
country itself as primary documents. Several sources have been used to identify the documents,
such as from the Bioeconomy Observatory of the Joint Research Centre (JRC) and the overview of
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national bioeconomy strategies from the German Bioeconomy Council. The document analysis is
used to prepare the background for semi-structured interviews.

Expected outcomes

Reflecting the research questions posed the paper aims to investigate how policies addressing the
bioeconomy is justified and legitimized in terms of the three policy rationales introduced. In
comparing the balance between the three policy rationales across the Nordic countries the paper
suggests that the use of different logics can be interpreted as a dimension of depth in the notion of
policy mixes. Figure 1 below illustrates how th