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Abstract  Science, technology, and innovation (STI) policy experienced far-
reaching changes with regard to both political aims and the underlying rationales. 
Drawing on the concept of policy paradigms, we analyse the factors that shaped the 
dynamics of STI policy since the first post-war decades in the OECD world. Next to 
changes in the context conditions, the chapter focuses primarily on endogenous 
phenomena related to changes of the conceptual understanding of knowledge gen-
eration and innovation, of the main STI policy objectives, and of preferred policy 
solutions. Of particular interest is the role of scientific expertise in these processes 
of policy change. The first of the three STI policy paradigms identified is character-
ised by its emphasis on addressing market failures in processes of knowledge gen-
eration. The second paradigm shares key objectives of the first, but is based on the 
systems of innovation heuristic, aiming to improve system performance. The third 
paradigm supplements the primarily economic rationales of the previous paradigms 
with the objective of addressing societal challenges. In view of the conclusion that 
scientific contributions and policy advice were less influential in the second para-
digm shift than during the first, we develop suggestions for a future-oriented 
research agenda for STI policy research.
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1 � Introduction

Science, technology, and innovation policy (STI policy) has evolved extensively 
over the past decades and undergone fundamental changes in the process. These 
changes were related to the respective political objectives of STI policy, the under-
lying rationales for government action, basic conceptual and theoretical assump-
tions as well as the instruments employed and the governance arrangements. Since 
the Second World War, three distinct phases of STI policy can be distinguished in 
the OECD world, each of which is characterised by specific rationales and funda-
mental concepts (Gassler et al. 2006; Kuittinen et al. 2018; Breitinger et al. 2021); 
see Fig. 1.

The focus during the first post-war decades was on building or expanding the 
science systems and supporting the generation of fundamental knowledge. The 
intellectual and conceptual foundation of STI policy was primarily shaped by the 
mainstream neoclassical economics prevalent at that time and a largely linear under-
standing of the innovation process. State interventions in this linear model were 
justified by the need to compensate for market failures during the generation of 
knowledge as a public good. The 1970s saw the start of a reorientation of STI pol-
icy. The end of the long phase of economic growth and the increasing intensity of 
international competition led to a revision of the basic assumptions about the nature 
of the innovation process, which finally resulted in the rise of the systems approach 
in STI policy. The development of a more complex, non-linear understanding of 
innovation and of the crucial role of interactions between heterogeneous actors of 
the innovation system was particularly influential. Consequently, according to this 
understanding, the main task of STI policy was to improve the performance of the 
innovation system. While economic goals such as competitiveness and growth were 
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the main reasons for state interventions in the first two phases of STI policy, from 
2000 onward, these primarily economic rationales were increasingly supplemented 
and overlaid by the goal of mobilising knowledge, technology, and innovation to 
address societal challenges such as climate change. Questions about the directional-
ity of research and innovation and the growing importance of gearing these towards 
societal needs are reflected, for example, in new policy approaches such as mission-
oriented or transformative innovation policy. At the same time, it cannot be claimed 
that there was no directionality in STI policy prior to this third phase. Research 
programmes based on the needs of various sectors have been around for decades, 
such as those in the energy sector, the health sector, environmental protection, or in 
agriculture. The responsibility for these programmes lies partly with STI policy and 
partly with the respective sectoral policies. The research programmes do not primar-
ily pursue economic goals, but rather sector-specific (policy) objectives. However, 
there was no overarching strategic approach in STI policy that aimed at directing a 
large part of applied research at specific targets or at sparking transformative change. 
Nor were sectoral programmes or sectoral policies necessarily oriented towards 
transformation.

While tracing and characterising the historical sequence of different phases of 
STI policy is valuable in and of itself, the main interest of this chapter is to improve 
our understanding of the conditions and factors that shape and drive the empirically 
observable dynamics of STI policy. What were the crucial influencing factors in 
processes of policy change, how did they interact and what effect did the changing 
context conditions have? There is a particular focus on the role played by scientific 
expertise, ideas, and conceptualisations in these processes of change. The concept 
of policy paradigms is useful to examine these questions more closely. It assigns 
strong explanatory power to ideas-based and cognitive aspects in processes of poli-
cymaking and policy change.

This chapter is structured as follows: First, the analytical framework is developed 
that is used to examine the developments in STI policy in recent decades. The main 
part of the chapter then applies this analytical framework to describe the key char-
acteristics and development dynamics of the three major STI policy paradigms 
since the 1950s. The final section summarises the key findings on the processes of 
STI policy change and draws conclusions both for the future development of scien-
tific policy advice in STI policy and for the applied policy-analytical tools.

2 � Policy Paradigms as Framework for Analysis

Explaining policy change is an important research perspective for policy analysis. 
However, identifying the causes, drivers, and relevant contextual conditions of pol-
icy change is an analytical challenge due to the multidimensional factors influenc-
ing change processes. For a long time, policy change processes were predominantly 
attributed to the actors involved being able to assert their interests as well as to 
institutional conditions and exogenous events. However, since the 1990s, ideas, 
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knowledge, interpretations, and beliefs have also been included as key explanatory 
factors and have undoubtedly contributed to improving the conceptualisation of the 
phenomenon of policy change. The growing recognition of the role of ideas as fac-
tors in their own right in processes of policy change has made the key dimensions 
of policy content accessible to systemic analysis. In the literature on policy analysis, 
the heading of “ideas” usually refers to conceptual models, assumptions about cau-
salities, theories but also world views, beliefs, values, and norms (Campbell 2002), 
with particular policy relevance given to complex, structured ideas (Carson 2004; 
Edler 2003). Ideas are important in the policy process because they provide inter-
pretative frameworks that can be used to determine values and preferences and 
enable political and economic interests to become actionable (Carstensen and 
Schmidt 2016). Important contributions to this “interpretative change” (Münch 
2016) or “ideational turn” of policy analysis (Daigneault 2014b) were made by 
approaches such as multiple streams (Kingdon 1984), advocacy coalitions frame-
work (Sabatier 1998), the epistemic communities framework (Haas 2001), as well 
as approaches rooted more strongly in neoinstitutionalism, such as the punctuated 
equilibrium theory (True et al. 2007) and discursive institutionalism (Schmidt 2010; 
Edler 2003). Hall’s work on policy paradigms and policy change (1990, 1993) is 
considered particularly influential.

While ideas represent important factors in policy change processes, they are not 
the only driver of transformation. On the one hand, the specific institutional and 
political conditions influence policymaking and thus both stability and change in 
policy. In particular, variants of historical institutionalism explain policy stability 
through the long-term effects of previous policy measures (path dependencies, pol-
icy legacies) (Béland 2009). From this perspective, policy change is predominantly 
incremental and is explained by institutional opportunity structures used by political 
actors within the framework of the given conditions (Skocpol 1992; Streeck and 
Thelen 2005). On the other hand, the rarely occurring, far-reaching changes are 
primarily explained by exogenous shocks and crises that break up established and 
ingrained policy pathways and open up new ones (Hogan and Howlett 2015). 
However, both approaches have significant blind spots when it comes to uncovering 
and explaining the concrete content and direction of policy—whether in the mode 
of incremental policy development or in disruptive, path-breaking phases. This is 
where the above-mentioned ideas-based, interpretative approaches come in and 
help to illuminate how beliefs, values, and the understanding of problems change 
and become effective in the complex processes of constructing meaning, agenda 
setting, and problem-solving (Béland and Cox 2013). In this context, it is worth 
recalling Heclo’s famous dictum of 1974 that policymaking is not only determined 
by power and interests, but is shaped to a significant extent by the search for solu-
tions to problems (Heclo 2010).

Policy paradigms can be understood as a cognitive model or a coherent set of 
ideas and beliefs concerning a policy problem and suitable solutions to it, which is 
shared by a specific group of actors and provides orientation in the relevant policy 
field (Carson 2004; Daigneault 2014a). Hall’s analysis of monetarism displacing the 
macroeconomic policy paradigm of Keynesianism was groundbreaking for the link 
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between paradigms and policy change. The essential starting point of this approach 
is the observation that processes of policy formulation and design take place within 
the context of discursive relationships (Hall 1993). Such discourses are powerful 
and effective because they occur within a framework—consisting of ideas, stan-
dards, and assumptions about the relevant policy field. Hall refers to this reference 
framework as a policy paradigm, defined as an “overarching framework of ideas 
that structures policy-making in a particular field” (Hall 1990). These interpretative 
frameworks affect policy by determining fundamental relationships, structuring 
policy discourses according to the prevalent parameters and thus influencing policy 
goals. Once a policy paradigm has become established, fundamental disputes about 
its key elements usually only take place to a very limited extent and transaction 
costs between stakeholders in the policy field are reduced due to shared patterns of 
interpretation. To explain policy change that goes beyond incremental shifts, Hall 
draws on Kuhn’s concept of scientific paradigms (1962). Following Kuhn, Hall dis-
tinguishes three modes of policy formulation (Hall 1990): While in phases of (1) 
first-order change, changes in a policy field are manifested as continuous further 
developments of existing policy instruments, in phases of (2) second-order change, 
revisions, or even the exchange of instruments take place in order to still achieve the 
goals pursued within the framework of the current paradigm despite emerging pol-
icy problems. Finally, (3) third-order change involves the fundamental departure 
from the previously dominant system of ideas and is accompanied by profound 
changes in the overarching discourse. First- and second-order changes are thus 
“normal”, incremental phases of policy change, whereas third-order change signals 
a policy paradigm shift.

While Hall’s approach has received a lot of attention and has been widely used 
to analyse processes of fundamental policy change, the understanding of policy 
paradigms has continued to evolve. Today, a generally more fluid and differentiated 
understanding of policy paradigms is prevalent, in which some of the central postu-
lates of the original concept are no longer shared or shared only in a modified form. 
Above all, this concerns the assumption that competing paradigms are strictly 
incommensurable. In contrast to the arguments by Kuhn (1962) and Hall (1993), 
linkages and combinations of different paradigms are now regarded as possibilities 
(Hogan and Howlett 2015), these are sometimes referred to as “synthetic” and 
“hybrid” paradigms (Béland 2007; Kay 2007; Wilder 2015). The strict assumption 
that a new paradigm always completely supersedes and replaces its predecessor has 
also been watered down. Instead, different paradigms can co-exist, although often 
not without conflict, and a type of “policy layering” results. Sometimes there are 
recombinations and novel combinations of ideas that can lead to paradigms that 
incorporate partially contradictory ideas (Diercks et al. 2019). Additionally, with 
regard to the dimension of time, paradigm change is no longer understood as an 
exclusively revolutionary process that occurs in phases, but also as a gradual pro-
cess, that takes place over longer periods of time (Carstensen 2011; Mahoney and 
Thelen 2010).

Based on the conceptualisation of policy paradigm change and its further devel-
opments, this chapter focuses on the following perspectives to analyse the change in 

Understanding Paradigm Change in Science, Technology, and Innovation Policy…



12

the fundamental orientations of STI policy since the middle of the twentieth century 
in the OECD world. A distinction is made between phenomena that are predomi-
nantly external to the policy field and those that are internal to it.

Primarily exogenous phenomena:

•	 What changes in the context conditions (economic, societal, political) can be 
identified that have played a role in fundamental change processes in STI policy?

Primarily endogenous phenomena:

•	 How has the main theoretical-conceptual basic understanding of the origins of 
knowledge and innovation changed?

•	 How have the STI policy objectives changed?
•	 How have problem constructions and the respective preferred solutions and their 

instrumentation changed in STI policy discourse and in application?

In all three main endogenous dimensions of analysis, it is of particular interest 
what role scientific policy consultation played in the processes of change in each 
case, and which questions research providing policy advice was confronted with in 
the different phases.

3 � The Paradigmatic Development of STI Policy

3.1 � The Point of Departure: STI Policy Centred  
on Knowledge Generation and Addressing Market Failures

In OECD countries, STI policy in the first two to three decades after the Second 
World War was strongly focused on funding, strengthening, and differentiating the 
science system (OECD 1972). It was considered a genuine task of the state to sup-
port the development of scientific capacities as a foundation for progress and pros-
perity. OECD countries generally adhered to the logic that it should be a task of the 
state to promote basic knowledge, which would then make its way into innovation 
via market processes or direct state (especially military) demand (Bush 1945). This 
idea was based on experiences during the Second World War, when massive govern-
ment scientific programmes had laid the groundwork for military innovations 
(Gassler et al. 2006).

The guiding principle of the state funding basic knowledge, especially for non-
state utilisation, was scientifically underpinned in the following years, primarily by 
economists. Science and technology were increasingly perceived as the engines of 
economic growth and social progress in neoclassical welfare economics (especially 
Solow (1957)). However, it was stated that the necessary scientific foundations 
could only be secured through state funding. The reason for this is the neoclassical 
concept of market failure as an underlying problem: The economic benefit of basic 
knowledge is, by its very nature, not foreseeable ex ante, and its utilisation is 
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therefore highly uncertain. At the same time, the potential economic benefit can 
usually not be limited to the actor producing the required basic knowledge due to 
spill-over effects. Due to these positive externalities and the associated free rider 
behaviour, there is insufficient incentive for private actors to invest in the creation of 
basic knowledge (Arrow 1962; Nelson 1959). Following this logic, the public good 
of basic knowledge needs to be largely financed by the state and then progresses 
along a linear process towards economic utilisation as innovation via the develop-
ment of technologies (among others Pavitt 1976; Tidd et al. 2005; Klodt 1987).

Consequently, the state has the task of creating and maintaining the financing 
and research institutions relevant for the respective disciplines and state or private 
utilisation contexts, promoting the transfer from publicly financed research to 
industry, and subsidising strategic research conducted in companies (OECD 1972). 
Additionally, intellectual property rights have to be strengthened in this logic, espe-
cially via patents, in order to create incentives for investment in uncertain innova-
tions (Edler and Fagerberg 2017). This also explicitly meant that the state set certain 
priorities in science and technologies that were viewed as particularly worth sup-
porting in terms of state or private utilisation interests (Soete and Arundel 1993). 
This phase of public governance of science and technology was thus in no way 
devoid of setting priorities or supporting selected technology trajectories. Science 
and technology policy was institutionalised and differentiated in all OECD coun-
tries in the post-war period based on this understanding (OECD 1972). The first 
generation of large, mission-oriented research and development programmes also 
fall into this context, especially those in the USA such as the Apollo projects of the 
1960s. These so-called “old missions” were characterised by their almost exclusive 
public funding and their focus on developing novel, hitherto non-existent technolo-
gies (Foray et al. 2012).

The dominant research questions of analysts in the context of this differentiation 
were the empirical documentation of expenditures with regard to research, develop-
ment, and innovation activities (see Frietsch et al. 2024 in this anthology), in order 
to determine empirically what contribution science and research make to productiv-
ity, economic growth, and social progress. This included the institutional analysis 
and international comparison of “science systems” (OECD 1972) as well as the 
importance of state demand for technological innovations (Mowery and 
Rosenberg 1979).

The conceptual development within this underlying paradigm can be illustrated 
using the example of German policy advice. In a study for the then German Federal 
Ministry for Research and Technology (BMFT), the founding director of Fraunhofer 
ISI, Helmar Krupp, analysed the institutional conditions of science and its gover-
nance in Germany (Krupp 1972; see also Stucke 1993). To start with, Krupp still 
followed the linear model outlined above and the idea of market failure as the ratio-
nale for political steering and stated the need to particularly focus on changing the 
knowledge  transfer and utilisation conditions. Implicitly, however, Krupp went 
beyond the linear model and emphasised the huge variety and heterogeneity of all 
the actors involved in the creation, transfer, and exploitation of scientific knowledge 
in innovations and who therefore contributed to the diffusion of innovations in the 
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economy and society. His use of the term “innovation system” already pointed the 
way to concepts that only experienced a breakthrough in the 1980s (see below). The 
early 1970s also marked the beginning of a comprehensive but prolonged revision 
of the understanding of the nature of the innovation process throughout the OECD 
world. This revision culminated in the development towards a more differentiated 
technology and later innovation policy (Sweeney 1985; Dodgson and Rothwell 
1994; Rothwell and Zegveld 1981), see also Fig. 2.

3.2 � Systems of Innovation as the Dominant Heuristic 
for Analysis and Policymaking

This reorientation towards a systems approach during the 1970s and early 1980s 
was largely driven by a generation of economists inspired by evolutionary theory. 
This group exchanged ideas through various expert groups and conferences of the 
OECD, among others, and this helped their ideas to quickly disseminate interna-
tionally and gain legitimacy (OECD 1981; Edler 1999). There were different intel-
lectual sources for this reorientation. The broader context, founded on political 
science, was the fundamental optimism about steering by means of state interven-
tion in the early 1970s. In a sort of “planning euphoria” (Mayntz 1996; Mayntz and 
Scharpf 1973) in the late 1960s and 1970s, there was the notion that state instru-
ments, regulations, and incentives could be used to comprehensively steer social 
dynamics. The optimistic basic notion of state steering capacities came to an abrupt 
end in the 1980s, which also meant the steering theory of political science became 
less important (Mayntz 1996). Nevertheless, this fundamental belief in the state dur-
ing the social democratic decade of the 1970s was an important cognitive and 
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normative basis for the academic and political discussion that then began concern-
ing a more proactive state, which was also reflected in research and innovation policy.

On the macroeconomic level, against the backdrop of stagflation in the 1970s, 
the insight from welfare theory became increasingly widespread that research and 
development (R&D) and technological innovation were major drivers and condi-
tioning factors for the economic and social development of national economies 
(Pavitt 1979; OECD 1980: 91 ff.). Entrepreneurial R&D became more central to 
explaining economic dynamics, but at the same time, there was an increasing 
emphasis on the scientific knowledge of technological innovations (Freeman 1973), 
with the result that the link between state-funded scientific research and private 
R&D became even more important. Targeted R&D directed at market innovations 
became the core of economic policy considerations. According to this logic, the 
crisis in the 1970s had to be addressed by the targeted support of R&D activities, 
especially in view of the stagnation in productivity development (Edler 1999).

A vital insight from the systemic view of innovation was that it is the increas-
ingly generic and systemic character of technologies that determines these dynamics:

[O]ne of the most important advances made in the area of the theory of technology during 
the last five years or so has been the move made from several sides towards an understand-
ing of major technologies as having systemic traits (Chesnais 1982).

In concrete terms, microelectronics was the most important technological driver 
on which the conceptual developments were based. This was characterised as a 
“technical revolution” (Krupp 1975) that was going to fundamentally alter various 
sectors and social practices. The changes that were associated with this pervasive 
technology led to reflections on how technological innovations and socio-
institutional configurations interacted. This was new in this form (see Heyen et al. 
2024 in this anthology).

This also involved rethinking the innovation process itself. The linear model was 
replaced—or rather supplemented—by a model of different phases and stages 
which interact with one another. The chain-linked model of Kline and Rosenberg 
(1986) is one prominent example among several at the time, or the coupling model 
of Keck (1986). Innovation was thought of as resulting from complex interactions 
of different actors, with feedback loops between different stages of the process (see 
also Mowery and Rosenberg 1979) and between different sectors and scientific dis-
ciplines. Attention was also increasingly paid to innovations not only being the 
result of implementing technological inventions but also emerging in response to 
the needs of the market or as recombinations of existing technologies. This more 
complex view of the innovation process and the understanding of the need for mul-
tiple horizontal and vertical interactions and collaborations had become widespread 
by the early 1980s (European Industrial Research Management Association 1982; 
Teece 1986; Rosenberg 1991; Wissenschaftsrat 1992; Edler 1999).

This new conceptualisation of the innovation process was accompanied by the 
development of a specifically systemic view of innovation dynamics. R&D and the 
generation of innovations were then conceptualised as the interplay of the economy, 
science, and society (Freeman 1982). This insight was also the result of empirical 
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analyses that were no longer able to explain productivity differences only in terms 
of different sectoral production functions. Instead, different socio-institutional con-
figurations were considered important complementary explanations (Nelson and 
Winter 1977; Gaudin 1985; Edler 1999). Consequently, the understanding became 
increasingly widespread among researchers and analysts that technological innova-
tions and socio-institutional configurations are influenced by their close 
interdependency.

The various academic developments then led to an explicit and broadly concep-
tualised innovation systems approach in the 1980s. While this term had already 
appeared in the early 1970s (Krupp 1972), it was conceptually elaborated by a num-
ber of leading innovation economists, i.e., Freeman et al. (1982); Lundvall (1985, 
1992); Nelson (1993) as well as Edquist (1997). The different variants of the inno-
vation systems approach place a different emphasis on cumulative learning pro-
cesses and on institutional configurations, especially with regard to user–producer 
relationships and the relative importance of the public sector vs. the market. In 
addition, the different approaches are influenced to varying degrees by insights and 
assumptions from evolutionary economics, according to which actors behave with 
bounded rationality under conditions of high uncertainty and therefore develop 
adaptive strategies instead of striving for optimal ones (Nelson and Winter 1982; 
Fagerberg 2003), as postulated in a neoclassical world with perfect information and 
technology as external variables. These different variants were widely adopted in 
practical policy strategies not only in the OECD world (Lundvall 1992), but also in 
developing and newly industrialising countries (Chaminade et al. 2018).

From the end of the 1990s onward, the research agenda included not only actor 
relationships and dynamics in the innovation system, but also more holistic system 
considerations as objects of investigation. Alongside the evaluation of individual 
funding programmes, institutional evaluations became more important, i.e., the role 
and performance of research or research funding organisations in the innovation 
system were also taken into account. The evaluation of the Research Council of 
Norway, which was co-developed and conducted at Fraunhofer ISI, was the first to 
work with a graphical representation of the innovation system (Arnold et al. 2001; 
Kuhlmann and Arnold 2001; see also Bührer et al. 2024 in this anthology). The dif-
fusion of the innovation system approach, which was formulated by different scien-
tific communities, had far-reaching consequences for the role and instruments of 
STI policy. If innovation is the driver of economic growth and social development, 
if innovation is the result of a complex, recursive interplay of different actors, 
scientific-technological disciplines and sectors, if recursive learning processes must 
be enabled and enhanced, if publicly funded research remains a mandatory founda-
tion for market-based, radical innovations, then it is incumbent upon the state to 
actively support and help shape the necessary socio-institutional configurations and 
interactions in the system. Not only the financial subsidising of existing constella-
tions is important in this perspective, but also support for reconfigurations, for new 
linkages, for connections that do not result on a sufficient scale from a purely 
market-based logic. It is therefore a task of the state to adapt socio-institutional 
configurations over time or to enable this adaptation to come about in an 
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evolutionary way. This does not question the role of the market in generating and 
selecting innovations, but greater attention must be paid to the conditions under 
which innovations are generated and diffuse in market economies. According to this 
perspective, it is no longer sufficient for the state to fund science or long-term ori-
ented R&D in companies. In terms of research and innovation policy, it was now 
increasingly important to think of R&D in broader contexts, as more cooperative 
and more systemic.

In the early 1980s, the term innovation policy became increasingly dominant for 
all the policies that actively addressed these systemic challenges and linked them to 
economic and social goals (Rothwell and Zegveld 1981; Sweeney 1985). In view of 
the stated complexity of the system, the relevant innovation economists were quick 
to point out that a number of different ministries and policy fields would have to be 
an active part of such an innovation policy, and at the same time, that they would be 
overwhelmed by the complexity of the interrelationships. Thus, although the funda-
mental steering optimism of the 1970s was largely obsolete and the neo-liberal or 
neo-conservative turn in the late 1970s and early 1980s assigned the state a more 
reticent role in the economy, the role of the state became de facto increasingly 
important for the “new” innovation policy in light of the complementary insights 
into the systemic nature of innovation outlined above. This was accompanied by a 
greater differentiation of instruments that took different forms in different countries 
(Rothwell and Zegveld 1981, 55 ff.; Gaudin 1985; Stuart and Kuntze 1982).

In view of the many systemic points of connection in the innovation systems 
approach, the concrete set of instruments continued to become increasingly differ-
entiated over the course of the 1980s and 1990s (Edler and Georghiou 2007; Edler 
et al. 2016). The focus was on improving the framework conditions, and especially 
on incentives to support collaboration or networking among different actors. 
Examples include Alvey in the United Kingdom, ESPRIT and BREITE/EURAM at 
EC level, as well as the “Verbundprogramme” in Germany. In addition, there were 
cluster and network programmes, mobility programmes, knowledge and technology 
transfer programmes, further education and training on innovation management and 
entrepreneurship, as well as awareness-raising measures and the first large-scale 
foresight processes (see Cuhls et al. 2024 in this anthology). These were intended to 
provide actors in the system with more structured opportunities to jointly reflect on 
the orientation of innovation activities. The latter has been part of a broader under-
standing of policy advisory studies associated with the catchphrase of strategic 
intelligence (cf. Kuhlmann 2003 as well as Bührer et al. 2024 in this anthology). 
The differentiation and policy design of sectoral (among others, Malerba 2004), 
regional (e.g., Braczyk et al. 1998; Koschatzky 2001), and technological innovation 
systems (e.g., Carlsson and Stankiewicz 1995) became significantly more important 
during this phase. Accordingly, the epistemic community also broadened to include, 
for instance, economic geography and various forms of sustainability research.

Since both the European and, in federal countries, the regional level developed 
policymaking ambitions, and since it made sense to apply the innovation systems 
approach at different levels, this differentiation took place on all three political sys-
tem levels. Simultaneously, on all three levels, the institutions of innovation policy 
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also became increasingly more differentiated, i.e., innovation and funding agencies, 
ministerial departments, advisory bodies, etc. From around the late 1980s, this led 
in turn to a growing need for vertical and horizontal coordination.

Similar to the institutional expansion and differentiation of the innovation sys-
tems, the field of STI policy research also experienced major steps of institutionali-
sation in the early 2000s. Taking advantage of an EU sponsored scheme for European 
Network of Excellence (NoE), a number of senior researchers, led by Philippe 
Larédo of Paris, initiated the NoE “Policies for Research and Innovation in the 
Move towards the European Research Area” (PRIME). The founders were moti-
vated by the recognition of “major transformations in the locus, formulation and 
implementation of science, technology, higher education and innovation policies, 
which call for new theoretical and empirical research in research and innovation 
policy studies” (see Larédo 2003). Furthermore, as the STI policy field at the time 
was highly interdisciplinary and consisted of researchers dispersed in universities 
and non-university research organisations, it was poorly institutionalised. The inten-
tion thus was to create a pan-European intellectual homebase for researchers, in 
particular the young generation (Luukkonen et al. 2006). In 2010, building on the 
experiences of PRIME, the “European Forum for Studies of Policies for Research 
and Innovation” (EU-SPRI) was founded as a European Association which has 
meanwhile grown to include 19 member organisations (https://euspri-forum.eu/).

3.3 � The “Normative Turn” and the Orientation Towards 
an Innovation Policy Aimed at Addressing 
Societal Challenges

In the early 2000s, there was a first wave of criticism of the dominant policy 
approach of the time, heralding, as it were, the policy shift towards addressing soci-
etal challenges. Although innovation policy as a policy of improving the system 
performance also set certain content-related priorities or directionality in technol-
ogy or sector-based programmes, it was generally not oriented towards specifically 
applying innovations to solve societal problems. Aligning innovation with societal 
needs was left to the state or other policy areas, not innovation policy. In terms of 
competencies of departments and ministries, negative coordination was the domi-
nant mode of governance, in essence leading to a demarcation of responsibilities. In 
the area of research and innovation funding, technology or sector programmes 
focused primarily on basic research and the early phases of the innovation process, 
while research and innovation with a stronger focus on strategic policy or societal 
goals such as energy efficiency or environmental protection were (and still are) the 
responsibility of the respective sectoral ministries. Although these disconnected 
responsibilities are understandable in their political-institutional context, it can be 
stated that the epistemic communities that were engaged in analysing and develop-
ing approaches in the respective policy areas were not able to sufficiently bridge the 
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gap between the different rationales. There was no overarching discussion of the 
different objectives and possible implications of an increased focus on sustainability 
issues, e.g., in the areas of energy, the environment, or water innovation (cf. the 
contributions in this anthology). The lack of an integrated approach has been noted 
over time by several authors, such as Walz et al. (2019), who criticised the lack of 
integration between environmental and innovation policies. Weber and Rohracher 
(2012) spoke in this context of policy coordination failure. So, although other policy 
areas were engaged in directional research and innovation funding earlier than STI 
policy in the stricter sense, this does not mean that this was done under the paradigm 
of initiating transformative change and the socio-technical system innovations nec-
essary for it. The lack of a transformative paradigm has been noted to this day, for 
example, in environmental policy (Jacob and Ekins 2020).

At the same time, orienting policy to real needs was already part of the concept 
of innovation policy as it had been developed in the 1980s. Even in the early days of 
a more explicit innovation policy, innovation researchers called for innovation pol-
icy to be more strongly oriented towards societal needs and for innovation policy to 
be placed at the centre of government policy, as it were, in order to bring about posi-
tive change in the economy and society (Rothwell and Zegveld 1982). An interna-
tional example of this is the summary of an Innovation Policy Workshop of the 
so-called Six Countries Programme, which was organised by Fraunhofer ISI:

In fact, with a little thought it is possible to extend the list of things that influence innovation 
to such an extent that if the concept of an innovation policy is expected to accommodate all 
of them, then such a policy becomes almost all encompassing in relation to the wide range 
of already existing policies. This should make clear that by its horizontal nature the goals of 
innovation policy may interfere with those of other policies. In a rational innovation policy, 
one would expect these conflicts to be recognized and taken into account in the formulation 
of policies and measures, i.e. a rational and systematic approach towards moving in desired 
and predetermined directions (Stuart and Kuntze 1982).

As early as 1985, Helmar Krupp also called for a decidedly demand-oriented 
approach (Krupp 1985), especially with regard to the necessary adaptation of new 
technologies to increase efficiency in the energy system. Moreover, Soete 
and Arundel (1993) developed a conceptual differentiation of innovation policy that 
included an explicit move towards an approach that was also “mission-oriented”.

However, these notions were ahead of their time. In practical policy terms, this 
only changed with the development of dedicated concepts for demand or needs-
based policies (Edler 2007; Edler and Georghiou 2007). The starting point for this 
was, on the one hand, the attempt to make greater use of government demand to 
generate societally important innovations (Edquist et al. 2000; Edler et al. 2005). On 
the other hand, political actors from other policy areas (environment, energy) also 
began to look more closely for opportunities to use research and innovation policy 
to address complex problems in their areas of responsibility. At the same time, 
approaches in other policy areas that had traditionally applied demand-side instru-
ments inspired the innovation policy debate (Edler 2007). Consequently, demand-
side instruments were also integrated (OECD 2011) into innovation policy with a 
focus on innovative procurement in the public sector. More far-reaching demands 
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for tools that not only integrate the demand side but also cover all the functions 
attributed to innovation systems in a holistic and coordinated manner (Edler et al. 
2007; Edler 2007; Smits and Kuhlmann 2004) went largely unheard.

With the shift to the demand side and thus to society’s needs, the bridge to other 
policy areas was finally established. However, the corresponding opening up of 
innovation policy only really began with the explicit turn towards the “Grand 
Challenges” and transformation-oriented innovation policy.

In addition to the early opening up of innovation policy research to include a 
stronger focus on societal challenges, there were simultaneous policy developments 
in the early 2000s that supported the existing paradigms (and they continued to 
dominate the majority of research articles published on the topic).

At the EU level, the Lisbon Strategy identified shortfalls in public investment in 
R&D and it was agreed that EU Member States would make a voluntary commit-
ment to increase their overall economic spending on R&D to three percent of their 
GDP. At the same time, the lead market idea was emphasised with the aim of bun-
dling and streamlining programmes in terms of topic and technology at both 
European and national level in order to achieve a stronger focus on promoting fields 
of strength or key technologies that had been identified. The newly created mission 
statement of the European Research Area was intended to support these ambitions 
and create the necessary systemic conditions at the same time.

The so-called Aho Report (Aho 2006) on the “Grand Challenges” was a first 
impulse in the direction of the emerging transformation in STI policy into the third 
paradigm on the policy level. In this report, innovation researchers and high-ranking 
representatives from politics and industry urged that innovation policy should be 
mobilised to solve societal problems in the EU. This was in no small part a response 
to the overall disappointing innovation dynamics in the context of the Lisbon 
Strategy. A few years after publication of the Aho Report, in the Lund Declaration 
in 2009 (Swedish Presidency 2009), 350 participants from science, politics, indus-
try, and research funding called on European policymakers to focus European-
funded research on the grand societal challenges of the day and also to align national 
research funding accordingly in a conference organised by the Swedish EU Council 
Presidency in preparation for the 8th EU Research Framework Programme (later 
Horizon 2020). The statement already addresses the necessary political processes 
and course-setting that were to determine the debates for more directionality in 
innovation policy a few years later. In this context, the Lund Declaration (2009) 
emphasises that the “Grand Challenges” must be identified in a joint process involv-
ing politics, business, administration, NGOs, and the research community.

However, the financial crisis of 2008/2009 shifted the focus of many European 
governments back to stabilising economic strength, with particular attention paid to 
strengthening the industrial base. Although research and innovation had been con-
sidered important drivers of economic strength under the first two paradigms, many 
governments actually decreased their investments in R&D. The legal basis adopted 
in 2011 for the EU’s 8th Research Framework Programme Horizon 2020 (European 
Commission (2014)), for example, was dominated by the crisis and emphasised the 
growth and competitiveness of European industry as its primary goals. Although, 
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for the first time, the programme did not contain any theme-based sub-programmes, 
it did organise funding along seven societal challenges. However, the instruments 
used were not changed in any way that would have been conducive to the new para-
digm that was emerging. The societal challenges were merely included in the broad 
research agenda, and mostly only in the form of expected “impacts”, whereas the 
instruments continued to address primarily science and industry as the traditional 
R&D actors. Further developments of these instruments were primarily focused on 
strengthening SMEs and the innovativeness of companies (new instruments for 
SMEs and the subsequent piloting of the European Innovation Council, EIC). 
Similar developments occurred at the national level. In Germany, for example, the 
so-called High-Tech Strategy was launched in 2006 (Bundesministerium für 
Bildung und Forschung 2006), in which societal goals were increasingly proclaimed 
over successive generations of this strategy (Bundesministerium für Bildung und 
Forschung 2010, 2014, 2018). However, a consistent shift to the new paradigm had 
not yet taken place.

The adoption of the United Nations Sustainable Development Goals (SDGs) in 
2015, as well as the rapidly worsening climate crisis and internationally agreed 
climate targets once again increased the pressure on STI policy to focus its 
approaches more strongly and systematically on addressing these overarching 
issues. These developments at policy level were accompanied by and interrelated 
with conceptual developments in innovation research.

After Christopher Freeman, Bengt-Ake Lundvall, Charles Edquist, and Luc 
Soete, a second generation of innovation economists and researchers played a piv-
otal role. These included, for example, the economist Mariana Mazzucato, who 
gained popularity with her call for the state to take a more active role and to shape 
markets in response to important societal challenges (Mazzucato 2013, 2018). The 
innovation policy debate in Germany also opened up cautiously in the direction of a 
needs-based and directional approach as a result of the greater focus on evolution-
ary economics in the Expert Commission for Research and Innovation (EFI) 
appointed by the German government. However, the broader research community 
that was specifically concerned with STI policies dealt with the new issues com-
paratively cautiously and published only with some delay in reaction to the develop-
ments, especially at the European level. An early influential paper from 2012 by 
Weber and Rohracher created a foundation for broadening the legitimacy base for 
policy intervention by placing a third group of rationales for government interven-
tion alongside the established ones of market and systemic failures, namely: “trans-
formational failures”. Fraunhofer ISI also addressed the issue in its commemorative 
publication as part of its 40th anniversary celebrations (Daimer et al. 2012) and by 
organising the European Forum for Studies of Policies for Research and Innovation 
(EU-SPRI) conference under the heading “Towards Transformative Governance? 
Responses to mission-oriented innovation policy paradigms” (Fraunhofer Institut 
für System- und Innovationsforschung ISI 2012). The call for the conference postu-
lated the emergence of a third paradigm for STI policy:
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This (author’s note: The Lund) declaration has taken up and reinforced a development in the 
past few years in which governments and the European Union have adopted a new strategic 
rhetoric for their research and innovation policy priorities which addresses the major soci-
etal challenges of our time. This is evolving into the third major policy rationale besides 
economic growth and competitiveness.

The third paradigm essentially assumes that science, technological development, 
and innovation produce relevant contributions to solving the societal challenges of 
our time and, in particular, trigger transformations in the direction of sustainable 
development.

The STI policy science community is now intensively addressing issues related 
to this latest policy paradigm and is increasingly interacting with communities 
researching sustainability transitions. This has further substantiated the impetus of 
the third paradigm in normative and conceptual terms. Thus, approaches such as the 
multi-level perspective were taken up, from which the need for policy interventions 
aimed at supporting new market niches (technologies or applications) can be derived 
(Geels 2002; Smith et al. 2010). A conceptual combination of approaches from the 
two research traditions, i.e., approaches from STI policy and sustainability transi-
tion research, and thus an explicit derivation of the third paradigm was provided by 
another influential publication by Schot and Steinmueller (2018), which popular-
ised the term transformative innovation policy.

Although the new paradigm of innovation policy, which aimed at directionality, 
problem-solving, and system transformation, quickly became widely accepted (e.g., 
OECD 2015), little has changed so far at the instrumentation level. Policymakers 
may have accepted the new objectives (“policy agenda”), but they have not yet fully 
adapted a broader concept of innovation, which would ultimately have far-reaching 
implications for innovation policy instrumentation (Diercks et al. 2019).

A broad conception of innovation goes beyond a purely science-based and tech-
nological understanding of it to include forms such as “doing, using, and interact-
ing”, which places a great deal of emphasis on social or organisational innovation. 
This also implies that the group of innovating actors is defined more broadly, 
encompassing not only research and industry, but also a wider range of actors in the 
public and, above all, the civic sectors (cf. also Warnke et al. 2016). A third crucial 
point is that, in addition to the supply side (“technology supply”), the demand side 
(end users, so-called “need owners”) is also an important starting point for pol-
icy design.

Many of the policies established in recent years address the new objectives, but 
in effect still remain constrained by a narrow definition of innovation. The above-
mentioned example of Horizon 2020 is one of them, as are some of the national 
innovation strategies initiated in the past decade, such as the German High-Tech 
Strategy (Bundesministerium für Bildung und Forschung 2018) or the Dutch Top-
Sector Strategy (Ministry of EZK 2019). Despite their mission-oriented focus, both 
these national strategies rely primarily on research and technology and allude, 
mainly rhetorically, to wider definitions of actors and innovation, but do not actually 
apply them in the instruments used.
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There are systemic instruments that are suitable for addressing the new paradigm 
because they deal with diagnosed systemic failures in a differentiated way and are 
suited to integrating a wider definition of innovation and directionality (orientation 
towards societal challenges). These include, above all, approaches that strengthen 
the ability of actors to learn and reflect, such as adaptive, supportive, and interactive 
evaluations of funding programmes, or foresight processes that are designed to be 
inclusive and systemic (Daimer et al. 2012; Lindner et al. 2016).

Whereas at the strategic level, the alignment of STI policy with the Grand 
Challenges can now be observed on a broad scale in the OECD world, the under-
standing of innovation and its instrumentation has by and large not followed suit. 
Against this background, STI policy in a number of OECD countries as well as at 
the EU level has increasingly adopted mission-oriented approaches in recent years 
(Larrue et al. 2019; Larrue 2021), in order to make the unspecific Grand Challenges 
politically manageable and to operationalise them by defining concrete targets and 
time horizons (Lindner et al. 2021). Accordingly, current research is concentrating 
on the new mission-oriented approaches (Janssen et al. 2021; JIIP 2018; Kuittinen 
et al. 2018; Wanzenböck et al. 2020; Wittmann et al. 2021a, b). It can be observed 
that mission-oriented approaches are becoming increasingly differentiated and a 
number of challenges related to governance have been identified, which still stand 
in the way of effectively implementing mission approaches (Edler and Boon 2018; 
Lindner et al. 2021). Simultaneously, the first attempts are being made to evaluate 
these new policy approaches (Ghosh et  al. 2021; Haddad and Bergek 2023; 
Wittmann et al. 2022), which are primarily concerned with the question of how to 
measure political and societal “impacts” (cf. Bührer et al. 2024 in this anthology on 
this and on the generally increasing impact orientation). Another major issue that 
has so far been discussed mainly in research is the need for the transformation of 
entire systems, understood as a reconfiguration of the provision of important soci-
etal functions such as mobility or energy supply. This requires a complex process of 
transformation involving not only technological but also non-technological innova-
tions and changes in actor behaviour, as well as the reconfiguration of actor net-
works (Borrás and Edler 2020; Grillitsch et al. 2019).

4 � Conclusions and Outlook

4.1 � Making Sense of Paradigmatic Changes

The development of STI policy in the OECD world can be divided into three distinct 
phases that differ in terms of the underlying theoretical basic assumptions about 
how knowledge and innovations emerge, the policy goals, the dominant approaches 
to solutions, policy instruments and governance structures as well as the contribu-
tions of (policy advising) innovation research.
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	1.	 In the first post-war decades, the theoretical foundations for early STI policy 
were clearly dominated by the key postulates of neoclassical economics. State 
intervention in processes of knowledge generation was justified by the need to 
address phenomena of market failure, especially in the funding of basic research. 
However, the policy paradigm was not without contradictions at the level of 
instrumentation, as priorities and steering of technology policy already existed, 
albeit in a comparatively weak form that were in conflict with neoclassical ortho-
doxy. Over the course of the 1970s, there were the first cautious conceptual 
developments from science that challenged the previously dominant basic 
assumptions and problem constructs. These were based on a gradually improved 
understanding of knowledge generation processes as well as initial approaches 
of a systemic understanding of innovation processes.

	2.	 From the end of the1970s, the second STI policy paradigm gradually asserted 
itself as the dominant perspective. As with the first paradigm, the key policy 
goals of STI policy focused mainly on economic objectives such as growth and 
competitiveness. The main drivers behind this paradigm shift were the end of the 
long period of economic growth in the first post-war decades and intensified 
international competition, which significantly increased the importance of 
national (and later also regional and sectoral) innovation performance as an 
essential prerequisite for economic prosperity in the political and scientific 
debates. In this context, these were the expansion of the theoretical and concep-
tual foundations of the STI policy paradigm to also include concepts from evo-
lutionary economics and other academic disciplines (such as political science) 
on the one hand, and new insights into innovation processes and their factors of 
influence on the other. When combined, at the time, these provided convincing 
epistemic explanations to challenge STI policy. The goals of STI policy remained 
basically the same compared to the first paradigm (economic growth), but with a 
much stronger emphasis on company-based innovation activities. At the level of 
instruments, the new paradigm was accompanied by numerous innovations in 
the form of “system-strengthening” instruments. However—and this is an indi-
cation of the phenomenon of policy layering—key instruments from the first 
policy paradigm were largely continued without any changes. Criticism of the 
goals of the system-strengthening paradigm started at the beginning of the 2000s, 
mainly due to the insufficient orientation of STI policy towards society’s needs.

	3.	 The rise of the third STI policy paradigm became apparent around the mid-2000s. 
The main characteristic of this most recent paradigm is the targeted orientation 
of STI policy towards addressing urgent societal challenges. Within this para-
digm, STI policy measures are justified by the potential contributions that STI 
can make to addressing the Grand Challenges. This new orientation at the level 
of objectives was mainly driven by the growing pressure of problems related to 
worsening of the climate crisis and the crossing of planetary boundaries as well 
as the growing realisation that previous STI policy approaches were unable to 
effectively mobilise science, technology, and innovation and direct them to 
tackle current problems. However, economic crises have slowed down the trans-
formation process and reinforced the strong influence of established STI policy 
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paradigms. Overall, the fundamental objective of the third policy paradigm has 
become established over the last 10–15 years and it is now widely recognised 
that this new generation of innovation policy should not only address market and 
system failures, but also the failure to transform (Weber and Rohracher 2012). 
However, the debate in STI policy research on the conceptual foundations and 
implications of the new paradigm has largely only taken place as a follow-up to 
the strategic reorientation of STI policy, which, as has been shown, was strongly 
influenced by the course set at EU level. Important discursive contributions to 
the paradigm shift from research are related, for example, to re-assessing the 
function of the state in research and innovation processes, which is in contrast to 
the main, primarily neoclassically influenced axioms of previous policy para-
digms, as well as to systematically deriving the policy intervention rationale for 
the new paradigm. The fact that a significant mismatch between paradigm objec-
tives, on the one hand, and the instruments and governance structures, on the 
other, can still be observed is also an indication that the process of paradigm 
change is still ongoing.

Table 1 provides an overview of the three STI policy paradigms based on the key 
analytical dimensions of this chapter.

In order to further develop the policy-analytical understanding of the processes 
of paradigm shifts, some conclusions can be drawn, at least with regard to the STI 
policy field. That policy paradigms are not subject to strict incommensurability and 
that one paradigm does not have to be completely replaced by the next is supported 
by the analysis of the three STI paradigms. The fact that the dominant paradigm in 
each case has incorporated theoretical and conceptual elements as well as partial 
goals of the previous paradigms clearly confirms empirically the possibility of 
recombinations and hybrid forms. This rather “soft” form of paradigm shift is cou-
pled with predominantly incremental processes of paradigm shift that take place 
over longer periods of time. One explanation for the fact that the process of para-
digm shift in STI policy has not been characterised by a clear replacement of one 
paradigm by another, as conceptualised by Hall (1990, 1993), could be that he based 
his analyses on the replacement of an economic policy paradigm, whose basic 
assumptions were developed and discussed exclusively by one scientific discipline. 
In STI policy, on the other hand, a number of different disciplines have played a role 
since the 1970s at the latest, with the consequence that academic discourses are 
more diversified and thus the processes of paradigm change could also be more 
multi-layered. We have seen that, at least in the two most recent STI paradigms, the 
degree of coherence between the systems of ideas is low, given the coexistence of 
sometimes contradictory intervention logics, approaches, and goals.

The three STI policy paradigms have thus been superimposed on one another in 
an additive manner in the sense of policy layering, reducing the effectiveness of the 
preceding, older paradigm in each case, but not displacing it completely. This some-
times results in considerable tensions both between and within the paradigms. This 
last point applies, for example, to certain measures of targeted technology support 
that took place within the framework of the first and second paradigms, but which 
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Table 1  Overview of the three STI policy paradigms

Analytical 
dimensions

Paradigm 1:
STI policy to generate 
knowledge and address 
market failures

Paradigm 2:
Innovation systems 
approach

Paradigm 3:
Directionality and problem 
orientation, transformative 
change

Context 
conditions

Post-war years with a 
specific focus on 
reconstructing science 
systems

End of the long phase 
of economic growth in 
the post-war decades; 
stagflation in Western 
industrial nations

Growing political urgency 
of the “Grand Challenges” 
and the need for system 
transformations

Basic 
understanding

Development and 
expansion of scientific 
capacities, public 
funding, especially for 
the generation of basic 
knowledge;
Neoclassical welfare 
theory as a guiding 
theoretical and 
conceptual idea

Ideas based on 
evolution theory;
Research and 
technology as 
particularly important 
drivers of economic 
growth

STI as an essential 
prerequisite for and 
contributor to solving 
societal challenges;
Emerging change: 
increasingly broad 
understanding of 
innovation, which also 
sees non-research-based 
forms of innovation as key 
to addressing societal 
challenges

Policy 
objectives

Promoting growth and 
competitiveness through 
research

Growth, economic 
dynamism, and 
competitiveness 
through innovation

Focus increasingly on 
addressing societal 
challenges, complemented 
by economic goals such as 
competitiveness

Problem 
constructs and 
solutions

Since knowledge is 
conceptualised as a 
public commodity, 
government funding is 
required (basic research, 
research institutions);
Utilisation of linear 
understanding 
predominantly through 
spill-over effects
Support through IP 
governance;
To some extent 
technology policy 
priorities

Systems of innovation 
and interaction 
between actors as 
dominant heuristic;
Understanding the 
innovation process in a 
recursive way;
Government 
interventions aimed at 
improving the 
performance of the 
innovation system 
(systemic instruments);
Supply orientation;
Innovative companies 
as the key to globally 
competitive economies

Systems of innovation 
remain key;
Sustainability 
transformation concepts 
find their way into STI 
policy discourses;
At the level of instruments, 
largely as in paradigm 2, 
quantitative growth of 
thematic research funding;
First approaches of MOIP 
and transformative 
innovation policy;
Growing impact 
orientation;
Need for system 
transformations

(continued)
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were at odds with the dominant economic assumptions of the time. With regard to 
the third paradigm, there is a potential conflict of goals with the earlier paradigms, 
both of which, in different ways, aim at the economic growth of separate, mainly 
national, innovation systems. As already stated in the Club of Rome report “The 
Limits to Growth” (Meadows et al. 1972), planetary limitations such as resource 
availability necessitate a move away from a definition of welfare that is based exclu-
sively on economic growth. In addition, sustainable innovation needs to diffuse as 
quickly as possible. This implies that the necessary demand-side support can 
become support for innovation imports and thus contribute to positive economic 
benefits in other innovation systems (Edler 2010).

The overall picture also reveals differences in the contributions of the STI policy 
research community and scientific policy advice community to the processes of 
paradigm change. This becomes clear when looking at the recent STI policy para-
digm shift, which differs from the previous one primarily in terms of changes at the 
level of objectives, while the shift from the first to the second paradigm was signifi-
cantly driven by changes at the level of basic theoretical assumptions and concep-
tions of the problem. To put it bluntly, the first case was therefore primarily 
science-driven, while the second paradigm shift was and is more strongly influ-
enced by shifts at political and normative levels. In both paradigm shift processes, 
however, changes to the context conditions—in brief: end of the growth phase of the 
post-war decades and stagflation crisis, urgency of the climate and environmental 
crises—created important prerequisites for paradigm reorientation. It is a perplex-
ing finding that, apart from a few exceptions, the scientific community in the field 
of STI policy has not actively promoted and prepared the conceptual basis for the 
most recent paradigm shift, but has delayed incorporating it into the research agen-
das. One reason for this omission may be the process of professionalising the 

Table 1  (continued)

Analytical 
dimensions

Paradigm 1:
STI policy to generate 
knowledge and address 
market failures

Paradigm 2:
Innovation systems 
approach

Paradigm 3:
Directionality and problem 
orientation, transformative 
change

Main focus of 
(policy 
advising) 
research

Requirements of 
knowledge generation in 
publicly funded research 
and in industry;
Requirements for the 
transfer of basic 
knowledge to its 
application

Further development of 
the understanding of 
innovation processes 
and the implications 
for innovation support;
Identification and 
analysis of 
requirements and 
effects of the 
innovation system and 
its deficits (also 
comparatively);
Instruments for system 
upgrading and their 
effects

Further development of 
STI policy instruments and 
their governance to 
achieve directionality;
Interplay between 
innovation and system 
transformation;
Identification of innovation 
paths that contribute to 
solving problems;
Mobilising strategic 
intelligence, including 
impact analysis, to support 
transformations
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discipline of innovation research in recent decades. This has led to establishing and 
formalising the discipline of innovation research at universities and non-university 
institutions, but at the same time might have been accompanied by a tendency to 
close off innovation research from related disciplinary discourses, such as sustain-
ability transition research. A perspective that was strongly influenced by economic 
and industrial policy also prevented a discourse being established with the epistemic 
communities of important sectoral policies, where the directionality towards sus-
tainability became apparent early on, which was also reflected in the corresponding 
sectoral research and innovation funding programmes. It was not until the rise of the 
third STI policy paradigm that efforts were actively made to correct these past 
omissions.

4.2 � Challenges for the STI Policy Community

Looking at the changing paradigm of STI policy since the post-war period has 
clearly revealed the profound interplay between changing environmental condi-
tions, new normative policy objectives, and the conceptual work of the scientific 
community. Looking at the future development of STI policy poses the question 
with which research agenda, but also with which understanding of its role STI pol-
icy research can make the most constructive, future-oriented, and socio-politically 
relevant contributions. This seems to require a three-pronged approach:

	1.	 Coherence: In the course of the policy layering of the three distinct phases of STI 
policy to date, tensions and contradictions are evident in some of the central 
basic assumptions as well as in the orientation of STI policy actions derived 
from them. Contributing to a more coherent theoretical-conceptual framework 
of STI policy and its further development seems to be an important task for the 
relevant STI policy researchers and their scientific policy advice services. 
According to Hogan and Howlett (2015) and Daigneault (2014a), the coherence 
of idea systems or policy paradigms plays a major role in determining how influ-
ential and “policy effective” they are. As effective contributions of science, tech-
nology, and innovation to the complex processes of system transformations are 
increasingly called for, greater urgency is attached to questions concerning the 
right balance and effective interplay between market-oriented mechanisms and 
primarily state-orchestrated directionality. So far, the tensions between the 
market-oriented basic assumptions of the first two paradigms and the problem- 
and/or solution-oriented approach of the third paradigm have hardly been 
addressed. One exception is the attempt by Breitinger et al. (2021) to produc-
tively combine findings from classic innovation research with the requirements 
of transformation processes.

Of even more fundamental importance is the conflict between the goals of 
economic growth and the need to respect planetary boundaries, which has so far 
only been touched upon marginally in the STI policy community. The discourses 
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on green growth, de-growth, or post-growth have so far largely taken place with-
out any significant participation of innovation researchers. A systematic exami-
nation of the question of how innovation processes can be shaped under a 
different growth policy premise appears increasingly necessary.

	2.	 Positioning: It is obvious that findings from STI policy research can make sig-
nificant contributions to the effective design of transformation processes. 
Particularly relevant STI policy perspectives include questions of improving the 
performance of innovation systems, the diffusion speed of new applications and 
innovative processes, or the analysis of policy and governance capacities. While 
the need to mobilise STI for transformation processes is indisputable, there has 
been no approach to date that effectively links STI policy with sectoral policies. 
The problem is illustrated by the example of mission-oriented innovation policy 
(MOIP), which often claims to be transformative, but in fact remains mostly 
within the traditional confines of the STI policy field in terms of its main focus. 
The fact that effectively integrating STI policies into the broader policy mixes of 
sectoral transformation processes might also be accompanied by a relative weak-
ening of the role of STI policy in relation to the respective sectoral policies has 
hardly been openly discussed so far, although the field of sectoral policy research 
has touched upon this. Here, STI policy is conceived as part of an overarching 
policy mix that complements sectoral policies which play a role primarily in 
innovation diffusion and the exnovation of established solutions (e.g., Kivimaa 
and Kern 2016; Rogge and Stadler 2023).

The growing importance of transformation processes raises further questions 
of identity and positioning for the STI policy community. Since successful trans-
formations aim at comprehensive behavioural and structural changes, generating 
winners and losers and often intervening to a great extent in people’s everyday 
lives, transformative policies generally receive more political and media atten-
tion than conventional innovation policies. The question of how to deal with the 
potential politicisation of transformation processes also arises indirectly for 
(policy advising) academia. So far, it seems that STI policy researchers have not 
paid much attention to these issues.

	3.	 Responsiveness: The last few years have been repeatedly marked by turbulent 
developments such as the COVID 19 pandemic or the deep geopolitical upheav-
als resulting from Russia’s military aggression. In general, the STI policy com-
munity has responded quickly to each crisis. For example, in the case of the 
pandemic, methods were developed to assess the effectiveness of crisis response 
(Weber et al. 2021). Fundamental questions of systemic resilience (cf. Roth et al. 
2021) in response to increased crisis probability or technology sovereignty 
(Edler et al. 2023) in the face of growing geopolitical uncertainties and global 
trade conflicts were also incorporated into the research agenda. In view of the 
growing frequency and intensity of crises, the question also arises as to the 
implications for STI policy research. Two things seem obvious: in the short to 
medium term, the aim is to improve the responsiveness of research and innova-
tion actors without compromising quality and content; in the medium to long 
term, it will be a matter of further developing research and innovation systems in 
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the direction of resilient yet transformation-capable structures. The idea behind 
this is that policymaking based on a concept of the reasons for failure will always 
remain reactive. This should be accompanied by a more forward-looking, proac-
tive approach to policymaking that enables policy interventions based on a 
potential future failure to address crisis-related developments (Kubeczko and 
Weber 2009). Especially for the latter, the STI policy community seems rather 
well equipped due to its wealth of knowledge and experience with system 
analyses.
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