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Abstract

Several studies claim that to address the current economic and social challenges that
face societies requires a range of public instruments promoting a variety of new
technologies, markets and institutions. However, these studies say little about how to
monitor the degree to which the policy-mix fosters variety in the system. This paper
attempts to contribute to on-going efforts in the innovation policy field by developing
such an analytical framework. Taking a microeconomic approach, this framework
proposes that the degree to which the policy mix promotes variety generation in the
system can be understood by examining the innovation strategies of recipients of public
innovation support. Specifically, the framework proposes to examine three different
aspects of firms’ strategies and characteristics, which the literature has shown as central
to their innovation behavior and outcomes: a) the innovation search path; b) the forms
of governance for technological sourcing; and c) the learning loci. We provide an
example of how this framework can be fruitfully applied.
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1 Introduction

The innovation policy-mix available to firms includes different types of instruments,
designed and implemented by different policy authorities, involving different actors
and addressing various innovative processes (Flanagan et al. 2011). However, diversity
in policy design (in terms of number of instruments used and/or the different objectives
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targeted) does not guarantee per se that the policy-mix will create effective support for
multiple learning and innovation activities. Given that policy instruments interact
(Costantini et al. 2015; Costantini et al. 2017a) and that policy designers and policy
implementers often are different organizations with different characteristics and
agendas (Foray and Llerena 1996; Costantini and Crespi 2013), the effective innovation
activities and technologies that are sponsored and fostered may not match the policy
objectives. The literature points to the need for a model in which firms and policy-
makers interact in real time through the exercise of their capabilities (Cashore and
Vertinsky 2000; von Tunzelmann 2009). Understanding the strategies of the firms to
which innovation activities have been publicly sponsored could help to address some of
the concerns related to the effect of the policy on the generation of variety in the system
as well as to the coordination of policy-making by different authorities. For instance:
Does the policy-mix support firms and systems with diverse learning and innovation
activities, or does it sponsor firms with a narrow set of activities and strategies? Are the
policy-mixes designed and implemented at different levels of policy-making comple-
mentary or reinforcing, that is, do they sponsor effectively different or similar
activities?

From an evolutionary perspective, economic growth and structural change depend
heavily on the process of variety generation and renewal (Schumpeter 1942; Nelson
and Winter 1982; Metcalfe et al. 2006). From this perspective, technology and inno-
vation policy-making should be concerned not with correcting market incentives, but
with designing institutional frameworks and policies that encourage the accumulation
of capabilities by different and heterogeneous actors (e.g., policy-makers, intermedi-
aries, firms with different market, technology and innovation capabilities and strategies)
(Metcalfe 1994; Laranja et al. 2008). Within these frameworks, technology and inno-
vation policies should be aimed at generating variety and competition in the develop-
ment of technological solutions and business experiments (Metcalfe 1994, 1995). This
is because the possibility to get efficient solutions to specific challenges improves by
widening the search spectrum, multiplying commercial experiment of alternative
solutions as well as by adapting existing solutions to different domains (Nelson and
Winter 1982; Laursen 2012). Hence, several recent studies have called for public
policies that allow societies, through trial and error, to create a plurality of non-zero
sum technological, market and institutional responses that will enable them to address
current social challenges (Mowery et al. 2010; Foray et al. 2012). In other words,
public policy is called upon to foster the innovation activities of a diversity of firms and
other national actors pursuing specific innovation activities through a plurality of
strategies (Hoppmann et al. 2013). In particular, generation of variety of technologies
and business experiments is seen as crucial to combat global warming, since it is
important to overcome the short-term negative influence of policies targeting carbon
emissions reduction on other societal challenges such as employment growth or
poverty reduction (Hargadon 2010; Costantini and Crespi 2013; Costantini et al.
2015). While existing literature sheds light on the rationale for policy-making to target
a variety of innovation activities, there have been few attempts to develop frameworks
to examine and monitor the degree to which the policy-mix sponsors variety in the
system.

Policy-makers can expect their policies to have different resonance in the economy,
depending on the innovation strategies and activities undertaken by public support
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recipients (Dosi et al. 2010; Bodas Freitas et al. 2017). To promote variety creation,
public support needs to reach diverse actors that rely on different innovation sources,
apply different learning processes and have different motivations to produce and diffuse
knowledge (Teubal and Andersen 2000). Therefore, microeconomic information on the
recipients of public support is needed to understand whether the policy-mix is
supporting variety creation in the system (Metcalfe 1995). This information may also
permit to respond to concerns over coordination of innovation policy across different
levels of policy-making, to identify degrees of differentiation, specialization and inertia
within the policy-mix and to guide policy adaptation and policy experimentation.

The present study argues that the extent to which the policy-mix fosters the
generation of variety in the system can be understood by examining the strategies of
public support recipients. It proposes to examine three aspects of firms’ strategies
central to their innovative behavior and outcomes: the innovation search path; the
forms of governance for technological sourcing; and their learning loci. In other words,
rather than focusing on the characteristics of policy instruments used, and their specific
design and implementation, the framework developed in this study proposes to exam-
ine the extent to which the policy-mix fosters variety in the system by focusing the
strategies and characteristics of the public sponsored firms. This framework can be used
to examine variety in multi-level policy-mixes (i.e. where interaction occurs because
the same policy instrument is covered by different levels of policy governance, over
geographic or policy spaces) and in multi-instrument policy-mixes (i.e. where interac-
tion occurs because different instruments target similar and/or different groups). In this
paper, we provide one example of how this framework can be used to assess the degree
of variety being promoted in the system and complementarity in the multi-level policy-
mix. Specifically, we use data on firms that received public financial support for
innovation by different levels of policy-making in France during the 2000s.

The paper is organized as follows. Section 2 reviews the different theoretical
foundations for the policy rationale to sponsor and monitor variety generation in the
system. Section 3 develops a three-dimensional framework based on firms’ innovation
activities and strategies. Section 4 discusses possible empirical applications of the
framework, and presents the data used to empirical apply the framework. Section 5
presents and discusses the empirical evidence. Section 6 concludes the paper.

2 Mapping the extent to which the policy-mix fosters variety
generation

Several studies highlight the advantages of policy-mixes that reach a variety of
(heterogeneous) actors with different functions, using diverse types of resources,
engaged in several specific activities and technologies and with specific spatial cover-
age (Mowery et al. 2010; Hoppmann et al. 2013). Therefore, we understand variety in
policy-mix as the extent to which the policy-mix promotes variety generation in the
system. Providing public support for a variety of innovation activities implemented by
actors with different characteristics and strategies may accelerate and widen search
activities as well as business experiments (with new technological solutions or
repurposing existing solutions to different domains) (Nelson and Winter 1982;
Metcalfe 1994; Laursen 2012). By inducing competition in the development and use
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of multiple technologies, business models and institutions, generation of variety of
solutions and experiments may accelerate and make more efficient the system’s
response to specific challenges, in particular avoiding lock-in in inferior technologies
(Metcalfe 1995; Metcalfe et al. 2006). Therefore, policy focus on promoting variety
generation is crucial to address societal challenges and to achieve objectives such as
reducing global warming, which requires a range of actors to develop, improve,
customize and adopt alternative energy technologies and to ensure that established
actors are not the only ones to benefit from public programs (Hargadon 2010;
Fredriksson et al. 2018; Kefferpiitz 2018).

Contributions in the public policy literature highlight the fact that policy effective-
ness seems dependent on the appropriateness of the characteristics of the policy
network, (Bressers and O'Toole Jr 1998; Howlett 2009). This stream of the literature
proposes that policy objectives related to specific informational and institutional
environments need specific policy design and formats of implementation (Peters
2000; Blair 2002; Howlett 2019). For instance, Bressers and O'Toole Jr (1998) argue
that if the objectives of the actors in the target group are similar, policies should provide
additional resources; however, if their objectives are dissimilar, policies should rely
upon regulation. Sabatier (1986) suggests that bottom-up policy approaches are more
appropriate in situations where there is no dominant technology, but with a large
number of actors with no power dependency and a primary interest in the dynamics
of different local situations. In addition, the effectiveness of the policy-mix seems
dependent on the degree of alignment in terms innovation objectives between policy
designers and policy implementers, which are often different organizations with differ-
ent characteristics and agendas (Foray and Llerena 1996). Thus, to address a variety of
actors involved in different innovation activities, technologies and markets, policy-
makers may need to design and implement multiple policy programs targeting different
actors and to exploit several policy instruments (Teubal and Andersen 2000).

However, the literature on the policy-mix has stressed that interactions among
different policy instruments may occur, resulting from having been designed and
implemented at different policy governance levels or because different instruments
are targeting the same population or the same learning processes (Flanagan et al.
2011). The use of a mix of policy instruments may introduce various difficulties, as
actors will be exposed to contradicting incentives (Magro and Wilson 2013; Reichardt
and Rogge 2016). Empirically, while neglecting that the design of policy instruments
may differ across systems and countries, and firms’ and systems’ responses to policy
instruments may be distinct, evidence suggests that leveraging on the complementar-
ities among policy objectives and respective instruments may increase the efficiency of
public policies. For example, in a study of OECD countries, Costantini et al. (2017b)
show that comprehensive policy-mixes balanced in terms of demand-pull and tech-
nology push influence positively eco-innovation, but a mix with an excessive number
of instruments is detrimental. Cantner et al. (2011) show that technology push and
demand pull instruments combined increase inventive capacity related to wind and
solar technologies in Germany, but also that the combination of demand pull and
systemic instruments seems to be detrimental to increasing network size because it
tends to favor existing actors rather than attracting new ones. In a study of Flemish
firms, Veugelers (2012) finds that a combination of regulation and subsidies has a
greater influence on eco-innovations than the application of either individually. Hence,
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understanding variety, as the different types of innovation encouraged, this stream of
the literature expects variety to be promoted through the design of policy-mixes
making use of both technology-push and demand-pull instruments, which are partic-
ularly efficient to encourage respectively, the exploration of new technologies and the
market exploitation of relative more mature technologies (Nemet 2009; Costantini
et al. 2015).

Overall, these contributions advance our understanding of how the economic,
technological and social-politic contexts of the policy need to be reflected in the design
of the policy-mix, as well as how the effectiveness of the policy-mix can be leveraged
by exploiting complementarity among the policy instruments used. However, as the
intrinsic characteristics and strategies of public support recipients seem to determine
how they respond to policy (Dosi et al. 2010), the effect of similar policies (and policy-
mixes) may differ across systems and economies. In addition, these contributions are
mostly silent on how policy-design, which aims to foster alternative growth paths, can
achieve its objectives when being coherent with the established policy network. The
innovation activities and strategies of the established public support recipients will
shape how this public support itself is applied (Teubal and Andersen 2000; Dosi et al.
2010) and, consequently, the ability of policy-making to influence the ways that current
socio-economic challenges are tackled.

On the one hand, the decision of established recipients on the new technologies and
products to develop may reflect their existing assets and capabilities, and the possibility
of a relative smooth market transaction without fully cannibalizing existing markets
(Furr and Snow 2014). Hence, despite the fact that newly developed technologies may
represent an advance in relation to their existing products and technologies, the
innovations that they produce are far behind the ambitious policy objectives and what
may be technologically possible (Fredriksson et al. 2018; Kefferpiitz 2018). This occurs
because the new technologies are developed to be used as ‘single’ complements to
existing ones to improve marginally their efficiency rather than to be used in a system
of new technologies and product designs that permit the replacement of existing, less
efficient production systems. It also occurs because the newly developed technologies
did not make use of advanced technological knowledge, hence their technological
trajectories are considered less interesting than others for addressing the socio-
economic challenge, and their developments deviate resources from more interesting,
alternatives ones (Fredriksson et al. 2018; Costantini et al. 2015). On the other hand,
policy-makers may also resist implementing some policies with the fear that the
replacement of incumbents’ technologies and products produces a great disruption in
the national employment and growth (Neslen 2016; Jolly 2018; Kefferpiitz 2018). This
is, for example, the case in the European automobile industry, where major players
have been slowing down the take-off of an alternative, less polluting transport system
(Fredriksson et al. 2018; Kefferpiitz 2018).

Indeed, this is the fundamental problem of public policy when trying to address
current socio-economic challenges: established industrial players have strong interests
in the continuous improvement of current technologies but not in disruptive techno-
logical alternatives. Therefore, to address major socio-economic challenges and at same
time avoid premature lock in, it seems imperative that public policy focuses on
promoting variety in the system by reaching a variety of actors with diverse capabilities
and strategies, engaged in a number of different technologies (Metcalfe 1994, Metcalfe
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1995). In this context, monitoring the degree to which policy-mixes foster diversity of
innovation activities and strategies becomes even central.

Taking a microeconomic approach rather than a policy design approach, we propose
to develop a framework to examine variety in the innovation activities and strategies
sponsored under the policy-mix. A microeconomic approach, traditionally used to
examine the association between firms’ behavior and outcome, has also been used to
assess efficiency of public policy, in particular, additionality of financial support for
innovation (e.g. Czarnitzki et al. 2007; Bodas Freitas et al. 2017). Here, instead, we
propose to use a microeconomic approach to characterize the policy-mix. In other
words, rather than following the tradition of the public and innovation policy literatures
to examine the characteristics of policy-mix by focusing on the policy design (charac-
teristics of policy instruments and policy networks), we propose to examine the degree
to which the policy-mix fosters variety by looking at the innovation strategies of firms
that received public financial support for innovation.

Figure 1 plots the review of the different streams of the literature on how public
policy can promote variety, and it summarizes how we propose to examine the extent to
which policy-mixes promote variety generation.

While the framework may serve the policy purpose of monitoring the degree of
variety being effectively financed under the policy-mix, it is not the objective of this
framework to assess effectiveness of the policy-mix or the degree of complementarity
among instruments in the policy-mix. The objective is instead to assess variety in the
learning and innovation activities of the public support recipients. Next, we elaborate
on the framework.

Sustain Variety generation in the system as a policy
strategy to tackle socio-economic challenges

(Metcalfe, 1994; Mowery et al., 2010; Foray et al., 2012) Designi‘ng po!icie.s that match
the policy objectives and the

characteristics of the targeted
policy network (Bressers and
O'Toole (1998; Peters, 2000;
Howlett, 2019)

How can policies

support variety
creation? Designing policy-mixes (Flanagan et

al., 2011)

- Balance technology-push and
demand-pull instruments to foster
incremental and radical, single

Examining variety in the Addressing a diversity of and multi-technology innovations

innovation strategies of eV sEtiEs (Nemet, 2009; Costantini et al., 2015)

the public support ULl el e | - Foster complementarity with

recipients diverse strategies and advanced foreign policies (those

T r\ characteristics to which firms are exposed to

through trade )(Costantini et al.,

2019; Dechezleprétre et al., 2015)

How to monitor
variety creation?

/

Learning dInnclzvat'lon .Governa.nce c?fh
oS evelopment interaction wit| How do firms
paths external actors respond to

public
support?

Characterize Innovation Strategies and their Microeconomic evidence:
The characteristics and strategies of the public support

recipients determine how they respond to policy; hence

outcomes

Organizational  Transaction EalEEy the effect of policy (Czarnitzi et al., 2007; Guerzoni and
learning costs TGS Raiteri, 2015; Bodas Freitas et al., 2017)
literature economics

Fig. 1 Graphical representation of the theoretical foundations of the research objective and theoretical
framework
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3 A framework to analyse variety of innovation strategies sponsored
by the policy-mix

Firms may be guided by a plurality of motives when applying for different types of
public financial support, and their characteristics and strategies will shape the use they
will make of it. In turn, policy implementers will target firms and chose projects that
match the programs’ objectives and their own agendas. Hence, the innovation activities
sponsored by the policy-mix may be a narrow set of the innovation activities required
to address the socio-economic challenges that western economies currently face
(Mowery et al. 2010; Foray et al. 2012). Thus, it is crucial to monitor the degree to
which the policy-mix is sponsoring the generation of variety in the system by reaching
a variety of actors and their innovation activities and strategies.

To develop a framework to examine the variety of firms’ innovations strategies
fostered by the innovation policy-mix, we build on three different streams of literature
that have studied innovation patterns associated with specific characteristics and
strategies of firms (Fig. 1, light pink area). We rely on the organizational learning
literature that stresses that different types of search in the innovation development
process influence greatly the innovation behavior and outcomes (Greve 2007; Laursen
2012; Benner and Tushman 2015). We also build on the literature on transaction costs
economics and firms’ boundaries that have extensively examined the governance
decision for sourcing technological know-how (Gulati and Singh 1998; Roy and
Sarkar 2016). Finally, we rely on the evolutionary economics that stresses that knowl-
edge is sticky, and consequently leaning and innovative activities are contextual
(Nelson and Winter 1982).

Building on these streams of the literature, we propose that the use firms
will do of public support depend of three aspects of the firms’ innovation
activities central to their innovation behavior: a) the innovation search path; b)
the forms of governance for technological sourcing; and c) the learning loci in
which they operate. Being central to firms’ innovation behavior and outcomes,
these three aspects of the innovation activities and strategies of firms may
influence the use firms will make of the public support. While articulation of
these dimensions may not be completely random (Jensen et al. 2007; Stettner
and Lavie 2014), the framework aims at mapping variety within each of these
three aspects.

We should stress that these three aspects of firms’ characteristics and strategies
represent somehow axes of asymmetry in the effects of policy and in access of
knowledge spillovers. The development stage of the technologies was shown to
influence the degree to which their development pace is influenced by different policy
instruments (Costantini et al. 2015). Specifically, prior evidence suggests that
technology-push and demand-pull policy instruments may have different efficiency in
creating variety in innovation paths: exploration of new technologies and the exploi-
tation of mature technologies (Nemet 2009; Costantini et al. 2015). Similarly, prior
evidence suggests that the nature of inter-firm relationships, in particular the pattern of
inter-sectoral linkages and integration in global value chains (Costantini et al. 2019), as
well as the nature of firms’ learning loci (Dechezleprétre et al. 2015; Dechezleprétre
and Glachant 2014; Costantini et al. 2017a) shape the possibility of benefitting from
knowledge spillovers and to perform environmentally.
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Next, we examine how different business innovation strategies and attributes within
each of these aspects may shape the way firms interact with public support for
innovation.

3.1 The innovation search paths

The organization innovation literature distinguishes between two types of search in the
innovation development process: search aimed at building upon and refining existing
knowledge (i.e., exploitation), and search in the technology space for new and more
productive techniques and products with unknown demand (i.e., exploration) (March
1991; Gupta et al. 2006; Greve 2007). Both types of search involve learning and
innovation, and may be compatible (Greve 2007; Jensen et al. 2007; Stettner and Lavie
2014). The intensity of the firm’s exploration and exploitation activities can differ
across firm functions and subsystems (Gupta et al. 2006; Raisch et al. 2009).

Innovation development based on exploration and exploitation involves the search
for diverse types of information and knowledge and consequently attention on different
forms and sources of learning (March 1991; Greve 2007). An emphasis on distant
search for new technological knowledge reveals firms’ exploratory efforts to explore
new avenues for innovation development and to build new competencies and technol-
ogies (Stettner and Lavie 2014). Innovation development based on the improvement of
internal organizational structures, which encourage learning-by-doing, allows firms to
build upon their existing knowledge to adapt and respond quickly to changes in their
market and technological environments (Nonaka 1994). While these two paths are
apparently opposite to each other, there are firms, often labelled as ambidextrous, that
are able to pursue simultaneously exploratory and exploitative search paths for inno-
vation (Brown and Eisenhardt 1997; Raisch et al. 2009).

Foremost, the form in which firms search may influence the manner in
which they use the new knowledge. Firms that search pursuing only an
exploration or only an exploitation path may use the new knowledge instru-
mentally in defining the design of new products and the strategic entry in new
markets (Song et al. 2005). Ambidextrous firms will have to integrate in some
way the new knowledge obtained from the two search processes. Evidence
suggests that they will most likely use new knowledge obtained from distant
exploratory search to inform and improve existing product and technologies and
exploit external spillovers (Song et al. 2005; Furr and Snow 2014). In other
words, ambidextrous firms may use knowledge obtained from an exploratory
search process to sustain and legitimize their existing technologies and positions
in the market, and to prepare the organization to slowly retire from old markets
(Song et al. 2005; Furr and Snow 2014).

The motives for firms to apply and use public support may also differ. A strong
reliance on exploratory search for technology development can result in a reduced
interest in public support for the adoption of technological or organizational best-
practice, while heavy reliance on exploitation learning based on experience may
discourage firms from applying for public support for distant exploratory search for
new knowledge and technologies (Levinthal and March 1993; Tripsas and Gavetti
2000). Ambidextrous firms instead may be able to elaborate applications aimed at
exploring new technological directions but also at improving their current products and
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organization. Hence, they are more likely to be interested (and have competences) to
benefit from a number of policy programs.

3.2 The forms of governance for technological sourcing

The transaction costs and firm organization literatures examine the conditions under
which markets, customized contracts and collaborations are relevant organizational
arrangements to enable knowledge and technology flows. The appropriateness of these
organizational forms is said to depend on the level of the agency and coordination
costs, technology uncertainty, and on the appropriation concerns (Artz and Brush,
2000; Gulati and Singh 1998). While the choice of the governance form may depend
on the characteristics of the technology development activities, different capabilities are
also required to establish and maintain different forms of interactions with external
actors in the process of technology development (Felin and Zenger 2014; Roy and
Sarkar 2016). Hence, firms with experience with different modes of organization with
external actors may induce firms’ to apply for different types of public support.

Engagement in collaboration reflects the firm’s understanding that knowledge is
distributed across different actors and that cooperation may be required to develop a
new technology (Hagedoorn et al. 2000). In technological contexts characterized by
high levels of uncertainty and rapid knowledge development, collaboration allows
firms to exploit the different and complementary resources and competencies of
external actors and decreases the risks involved in internal technology development
processes (Gulati and Singh 1998; Hoetker and Mellewigt 2009). Experience in
developing collaborative innovation seems to be associated with possession of strong
technological and organizational capabilities (Gulati and Nickerson 2008; Felin and
Zenger 2014). Hence, firms, with experience in sharing knowledge with external actors
in the process of technology development, may be more able to propose an original
technology development project (also involving key players in related technology
domains). In turn, policy-makers and implementers may evaluate these firms highly,
based on their greater potential to disseminate their innovative results more broadly
(Feldman and Kelley 2006).

Contracting out portions of technological development to other firms and organiza-
tions shows that the technologies and know-how available in the market do not match
the specific needs of the firm, and that the firm has taken account of the transaction
costs involved in leaving some parts of the development to specific technology
providers. Hence, firms that contract out parts of the development possess the capabil-
ities to search for technology providers, to set contracts that specify required outcomes,
to monitor the activities of providers and to coordinate external and internal innovation
development processes and outputs (Gulati and Nickerson 2008; van de Vrande et al.
2009). The use of contracts to manage the interactions involved in technology devel-
opment reveals firms’ concern over appropriation of the innovation developed, which
might reduce the motivation to participate in some types of shared knowledge devel-
opment activities (Feldman and Kelley 2006). Firms that prefer contractual arrange-
ments to accomplish parts of their innovation development processes signal to policy-
makers that they have the capability to co-ordinate risky and difficult activities and are
unwilling to share their knowledge (Veugelers and Cassiman 1999; Cassiman and
Veugelers 2006).
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Firms, which rely on both collaboration and contracting out to govern interaction with
external actors in the process of technological development, are very well networked and
possess competences in developing a mix of relationships with external partners. These
firms may have developed trust relationships with some of their collaborators, and
eventually dependence relationships with some of their technology suppliers (Faems
et al. 2008; Gulati et al. 2012). Hence, they possess capabilities to share and disclosure
knowledge in a variety of ways while focusing in preventing unwilling knowledge
spillovers (Alexy et al. 2013). These firms signal to policy-makers their ability to select
the degree of knowledge sharing according to the type of knowledge development
activities and partners involved. Providing public support for these open firms somehow
reassures policy-makers/implementers that innovation results will be diffused in different
ways to a great number of different actors in the system.

Finally, reliance on internal hierarchies reflects that the firm engages in technological
development activities that depend on the sophisticated and complex internal process of
organizing resources (Gulati and Singh 1998; Gulati et al. 2012). Through their
sophisticated internal resources (product architecture, management and organization,
employees’ skills) and complex knowledge exchanges, the firm transforms inputs
purchased from the market into innovations. These firms rely on the complexity of
their internal processes as a form of reducing the risk of potential knowledge spillovers
(Gulati and Singh 1998). While these firms may find general public support for
innovation useful to search and scan new components and technologies and innovation
sources, to standardize design of some innovation activities and to upgrade their
innovation capabilities, these firms, however, signal to policy-makers that they would
have difficulty in accessing to auxiliary external knowledge sources as well as in
diffusing innovation results.

3.3 The locus of learning and innovation development: Firms’ technological
and market environments

As learning is a contextual activity and innovation opportunities are asymmetric across
industries and markets but also across organizational formats (Nelson and Winter
1982), fostering variety in the system may also require sponsoring innovation activities
in a variety of learning loci.

Firms active in different industries tend to display specific innovative behaviors as a
result of the accumulation of different technological and organizational capabilities
(Castellacci 2008). Thus, firms develop specific technological and learning trajectories,
rely on diverse technological and market knowledge bases and exploit specific learning
processes (Malerba 1992). Pavitt (1984) distinguishes four groups of industry sector—
supplier-dominated, scale-intensive, specialized-supplier and science-based—Dbased on
differences in the sources of technology, the user requirements, the direction of
technological change and the means of and possibilities for the appropriation of
innovation. Hence, the innovation strategies and behaviors of firms depend on their
technological learning locus. There is also evidence that firms in different technological
learning loci benefit different from public support (Bodas Freitas et al. 2017).

Also, the market environment influences firm behavior and strategies (Hitt et al.
1997; MacGarvie 2006). Participation in local and international markets is associated
with the development of different competencies to produce and market, and with
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specific network links and, consequently, with access to specific knowledge spillovers.
Interaction with local actors seems particularly important for product customization and
product diversity for firms that concentrate on the local market and for technological
learning (Maskell and Malmberg 1999; Rantisi 2002). For firms active in international
markets, it is important to build international reputation (among firms and policy-
makers) and establish relationships that will enhance their technological and market
reputations (Hitt et al. 1997; Salomon and Shaver 2005). Thus, the strategies of firms
active in international markets tend to be influenced by foreign policies (Dechezleprétre
and Glachant 2014; Costantini et al. 2019).

Firms’ resources and routines also influence the form in which they respond to market
and technological challenges. Firm size is a characteristic of an organization that seems to
shape its mode of work organization, routines for knowledge transfer, and ability to invest
in innovation (Damanpour 1992; Camisén-Zornoza et al. 2004). Small firms often have
limited resources to invest in bringing to the market disruptive technologies in parallel
with their core products, while large firms may possess complementary assets that could
permit strategic market entries, but they are often reluctant in cannibalizing their existing
market (Tripsas and Gavetti 2000; Yang et al. 2014).

In sum, not only the motivation to apply for different types of public support or the
benefits that firms reap from public support may depend on the learning loci of the
firm, but also some policies may target specifically certain learning loci (specific
industries and technological contexts, firms active in specific markets or firms with
specific size).

4 Data and methods
4.1 Challenges in applying the framework

The framework elaborated in the previous section can be used to analyze, characterize
and compare policy-mixes in terms of the variety of innovation activities that are
supported. It permits us to examine variety in multi-level policy-mixes (i.e. firms with
similar/diverse innovation strategies being sponsored by different levels of policy
governance, over time, geographic or policy spaces), as well as in multi-instrument
policy-mixes (i.e. firms with similar/diverse innovation strategies getting support
through a variety of different instruments in the policy-mix). In addition, the framework
can be used to analyze the extent to which a specific policy design matches the
innovation activities supported by one specific program. It can also be used, as we
will do in this study, to examine the extent to which the policy-mix sponsors a limited
or varied set of firms in terms of their innovation activities and strategies.
Characterization and analysis of the innovation activities supported by the policy-
mix can be based on secondary data (Magro and Wilson 2013). For policy-makers,
secondary data allow rapid analysis and the development of the competences required
to monitor the extent to which the policy-mix promotes variety and to use the results of
that analysis for adaptive policy-making. Policy-makers can exploit secondary data
provided by firms in their applications for support or program evaluations, or from firm
surveys that ask about firms’ innovation activities and the benefits provided by public
support. In this case, the scope of the analysis is determined by the data available,
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which still might provide relevant information on the characteristics of the recipients of
public support from different policy-making levels and policy programs.

At a later stage, as policy-makers develop their processes for monitoring variety in
the policy-mix in a particular field, specific processes for collecting primary data on the
beneficiaries of public support may be implemented. Information could be collected
systematically at little additional cost by the inclusion of some targeted question on the
documentation and intermediate and final reports/evaluations, which firms are required
to submit when applying for, formalizing receipt of and reporting on final use of public
support. While, in many cases, public support is directed to a specific project, these
questions should aim also at characterizing the firms’ innovation and learning activities
and, if possible, at comparing the degree of similarity between the sponsored activities
and the firm’s normal innovation activities. This information would also permit map-
ping the innovation activities being supported by the different programs, it could show
how much the innovation activities supported by programs with different innovation
objectives differ, or whether implementation of the policy has diluted the differences in
the incentives aimed for by the policy design.

Below, we provide an example of how to operationalize the framework using
secondary information. We stress that the objective of the empirical exercise (and of
the framework developed) is not to test a set of hypotheses about how firms’ innovation
strategies relate to a specific policy design. Rather, we want to provide an example on
how this framework can be used to characterize the degree of variety of innovation
strategies being sponsored by the policy-mix.

4.2 Empirical application of the framework
4.2.1 Data

In France, the policy-mix for innovation is designed and implemented by different
policy levels. In the 1980s, two new public actors emerged in France, in the domains of
support for innovation, industrial research and technology transfer and SMEs: regional
government under the Decentralization Act (1982) and the European Commission
through the creation of the Framework Programmes (1984) (Mustar and Larédo
2002). Hence, in France, as in some other European countries, firms are exposed to a
diversity of financial support for technology, innovation and restructuring, provided at
multiple levels of policy-making; regional/local, national and European authorities
(Grande 2001; Kuhlmann 2001; Laranja et al. 2008).

Taking the multi-level policy-mix for innovation available to firms in France, we
will examine the extent to which the multi-level policy-mix was sponsoring a variety of
innovation strategies in the 2000s. For that purpose, we use secondary data from four
waves of Community Innovation Survey (CIS) — 1998-2000, 2002—2004, 2004—2006,
and 2006-2008. This data source limits our analysis to manufacturing firms and ignores
the roles of other organizations and policies that do not target firms directly. However,
to address many of today’s socio-economic challenges and, in particular, the develop-
ment of sustainable growth paths, requires firms to produce, organize and market their
products and technologies in different ways (Hargadon 2010; Mowery et al. 2010). CIS
data enable access to information on a large population of firms. It should be noted that
the French CIS achieves an over 80% response rate. Furthermore, the CIS survey
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includes questions the responses to which allow us to proxy those aspects of firm
innovation activities that are part of our framework: the innovation development paths,
the forms in which interaction with external actors for knowledge development are
organized and governed, and the locus of the learning processes.

4.2.2 Measures of benefit from public support

Our data provide information on whether or not the firm received public support, but
we do not have information on firms that applied for and did not receive support.' The
CIS asks firms whether they received public innovation support from different levels of
government (local, national, European organization). It asks whether the firm used
public support provided by local government (LOCAL), by central government or a
national agency (CENTRAL) and/or by a European organization (EUROPEAN).
Hence, our analysis is limited to whether the financial support for innovation provided
by Local, National and European policy programs addresses similar or different
learning activities in firms. Table 1 provides information on the number firms in our
sample that, in the four periods, responded to the survey, and the share of the firms that
received public innovation support from different levels of government in France.
The data show that, in the period 1998 to 2008, financial support from innovation
from Central government reached more firms than the support provided by Local
government or European authorities. Still, after 2004, the relevance of Central public
support decreased while Local public support increased. The share of firms that
received support from at least one policy level decreased throughout the 2000s and,
especially, after 2006. However, this reduction was not accompanied by a reduction in
the number of firms that received support from more than one level of policy-making.

4.2.3 Measures of firms’ strategies and learning loci

Based on information from the CIS, we computed the share of turnover dedicated to
intramural R&D as the ratio of total expenses on intramural R&D on total sales. In
addition, we counted the number of different innovation activities in which the firm
invested (except for R&D). The firm could declare to have invested in personnel
training, machinery, production engineering supporting implementation of new product
or process, and marketing programs. We use these two measures to characterize a firm’s
investment in widening the search space, and in refining and exploiting its existing
knowledge, and consequently to create three variables that distinguish firms’ search
paths for innovation. The variable Explorer takes the value 1 if the firm spends more
than 3% of its turnover in internal R&D activities but invests in two or fewer other
auxiliary innovation activities; 0 otherwise. The variable Exploiter takes the value 1 if
the firm invests in more than two auxiliary innovation activities, but spends less than
3% of turnover in internal R&D activities. The variable Ambidextrous takes the value 1
if the firm spends more than 3% of its turnover in internal R&D activities and invests in

! Firms that receive financial public support are those that (first) self-select by applying for the support and
(second) are selected by policy-implementers. The selection criteria in both cases reflect the design of the
public support and the firms’ innovation strategies. Public support for innovation is awarded to those firms the
characteristics and capabilities of which comply with policy requirements.
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Table 1 Share of manufacturing firms by industry activity that benefitted from public support provided by
organizations at local, central-national and by European levels, in France, 2002-2008

1998-2000  2002-2004  2004-2006 20062008  Total

Local 221 9% 283 9% 305 11% 430 13% 1239

National 618 26% 708 22% 368 13% 538 16% 2232
European 214 9% 234 7% 299 11% 246 7% 993
No support 1644  69% 2413 74% 2030 73% 2702 79% 8789

Support from 1 level of policy-making 500 21% 590 18% 580 21% 371 11% 2041
Support from 2 levels of policy-making 179 7% 190 6% 172 6% 222 6% 763
Support from 3 levels of policy-making 65 3% 85 3% 16 1% 133 4% 299
Total 2388 100% 3279 100% 2798 100% 3428 100% 11,893

three or more auxiliary innovation activities. The base category includes then firms that
do not follow strongly well-defined exploratory or exploitative search path for
innovation.

To characterize the forms in which firms organize and govern exchange and
interaction with external actors for innovation development, we use information on a
firm’s reliance on collaboration for innovation development, and on whether the firm
contracts out technology development. Based on these measures, we create three
variables. The variable Collaborator takes the value 1 if the firm reports to have
collaborated with external actors for innovation development but have not contracted
out research activities. The variable Outsourcer takes the value 1 if the firm reports to
have contracted out to external actors R&D but not collaborated. The variable Open
takes the value 1 if the firm reports to have contracted out and collaborated on R&D
activities with external actors. The base category includes then firms that relied mostly
on internal technological development (including or not formal R&D activities) and on
market available technologies.

Finally, to characterize the firm’s learning loci, we use six variables. Five dichoto-
mous measures proxy for the firm’s market and industrial sector. The variable Inter-
national takes value 1 if the firm is active in international markets, and 0 if it only
operates in the national market. The variables Science-based, Specialized-supplier,
Scale-intensive and Supplier-dominated report firms industrial activity as in Pavitt
(1984). The variable Size measured as logarithm of number of employees proxies for
firm size. Table 2 summarizes the measures used in the empirical analysis.

4.3 Estimation strategy

We proceed in two steps. First, we examine how the strategies and characteristics of
firms are associated with benefit from LOCAL, NATIONAL and EUROPEAN public
financial support for innovation. For this purpose, we estimate the probability to benefit
from each public support, using a random effects probit with time fixed effects. To
account for learning effects in getting access to public support, we include information
on whether the firm received in the prior period LOCAL, CENTRAL and EUROPEAN
public support. Then, we use the Wald chi square test to compare the effect of the
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Table 2 Measures used to examine variety of innovation activities within the policy mix in France from 1998

to 2008

Dimensions of the model

Different aspects

Description of the measures

Learning locus

Paths of innovation
development

Organization of the
interaction with external
actors for innovation
development

Locus of market learning

Locus of technological learning

Locus of organizational learning

Exploratory path: Firm’s efforts to
widen the search space for
innovation,

Exploitative path: Firm’s draw on a
variety of efforts to improve their
knowledge and technologies

Both Exploratory and exploitative
paths

Firm’s engagement in collaboration
for innovation

Firm’s experience in contracting

Firm’s reliance on a variety of open
governance strategies including
both collaboration and
outsourcing.

INTERNATIONAL takes value 1 if the
firm’s is active in the international
market; 0 otherwise. (For the period
1998-2000 this variable measures
instead if the most significant mar-
ket is the international market).

Firm’s sectoral activity, using Pavitt’s
(1984) taxonomy: SUPLIER--
DOMINATED,
SCALE-INTENSIVE;
SPECIALIZED-SUPLLIERS;
SCIENCE-BASED.

SIZE: logarithm of firm’s total number
of employees

EXPLORER takes the value 1 if the
firm spends more than 3% of its
turnover in internal R&D activities
but invests in two or fewer other
auxiliary innovation activities; 0
otherwise.

EXPLOITER takes the value 1 if the
firm invests in more than two
auxiliary innovation activities, but
spends less than 3% of turnover in
internal R&D activities.,

AMBIDEXTROUS takes the value 1 if
the firm spends more than 3% of its
turnover in internal R&D activities
and invests in three or more
auxiliary innovation activities.

COLLABORATOR takes the value 1 if
the firm reports to have collaborated
with external actors for innovation
development but has not contracted
out research activities.

OUTSOURCER takes the value 1 if
the firm reports to have contracted
out to external actors research and
technology development activities
but not collaborate with them.

OPEN takes the value 1 if the firm
reports to have contracted out and
collaborated on research and
development activities with external
actors.

different firms’ strategies and characteristics in explaining benefit from public support
provided by different levels of policy-making.
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Second, we examine the extent to which the degree of variety of the innovation
activities supported by each level of policy-making increased or decreased over time.
For that purpose, we estimate for each year the probability of benefiting from public
support provided by different levels of policy-making, and we compare the coefficients
over time using Wald Chi square tests.

5 Results
5.1 Variety of firms’ strategies sponsored in the policy-mix

Table 3 reports random effects estimation of the probability to benefit from LOCAL,
CENTRAL and EUROPEAN financial public support for innovation activities.

LOCAL public support has been sponsoring mostly the innovation activities of
Ambidextrous firms, but also of Explorers and Exploiters that invest strongly in either
exploration and exploitation paths for innovation development. It has benefitted sig-
nificantly more Outsourcers and Open firms than firms that used other forms of
governance. The likelihood of benefiting from LOCAL support is positively associated
with prior use of Local, Central and European support, suggesting that access to the
support was facilitated if firms had early developed capabilities in writing proposals
and in dealing with application processes. In relation to 2004, the probability of getting
support is higher in 2006 and 2008.

CENTRAL financial support has reached mostly Ambidextrous firms, as well
as Open firms. In addition, firms that operate in [nfernational markets seem
more likely to have used this support. The probability of getting financial
support for innovation from CENTRAL government is higher for firms that
have benefitted in the period before of Local or European support. In 2006, the
probability to benefit from CENTRAL support was smaller than in any other
period.

EUROPEAN support has mostly sponsored the innovation activities of Am-
bidextrous firms, Explorers, as well as Open firms. The probability of benefit-
ting from EUROPEAN support is higher for Large firms and for firms that in
the prior period have benefitted public support. In 2006, the probability to
access to EUROPEAN support was higher than in any other period.

We focus now on the differences in the strategies and firm characteristics
supported by the different levels of policy-making. Wald Chi square tests
suggest that LOCAL public support differs significantly from the CENTRAL
by reaching more extensively the innovation activities of Exploiters and Ambi-
dextrous. LOCAL support differs from EUROPEAN support by targeting Small
firms. EUROPEAN support differs from CENTRAL one by reaching more
extensively Ambidextrous firms. Finally, the three levels of public support differ
significantly in terms of the firm Size they address as well as the extension of
recurrent public sponsored firms among the beneficiaries.

Overall, these results suggest some overlap of the strategies and activities
sponsored by the different levels of policy-making. In particular, all the three
financial support are more likely to be sponsoring the innovation activities of
Ambidextrous and Open firms.

@ Springer



757

Mapping variety of innovation strategies sponsored by the...

LEVY 1220 ShP'1 #TPEE 1L0°0 L10°0 #:bTT0 Toyordxg
[¥01°0] [680°0] [601°0]

88%°C +xL00Y 6£8°0 5 CLS'8 w2 ELY0 #6610 #xx119°0 snoxxepIquIy
[szr10l [+o1°0] [rerol

0200 8LY0 LO00 050 #2670 *€8T°0 #:C8T°0 Torofdxg
[LoT0] [280°0] [660°0]

LYS'T 86€°0 6050 91T 800°0 £60°0 960°0— SAISUJUI-3[BOS
[LzT0] [860°0] [811°0]

620°0 TE0°1 0100 LLET 6%0°0— 14880] 990°0— swonddns-pazijeroads
[e11°0] [680°0] [oT1°0]

0€T’S 0000 SEL'T 161°C w00 £v0°0 €91°0— Paseq-o0udldg
[¥91°0] [611°0] [ss10]

w00 $00°0 €100 w00 €570 #46€T°0 *6LT°0 [euonEUIOU]
[zeo0] [9z0°0] [1€00l

s SYTHT xx880°S #xSTL'8 90L°0 2 CET0 6£0°0 S00°0 ozI§
[£80°0] [s80°0] [L60°0]

sl L9718 —eld #5601°67 ¥$6°0 529 1T T #x4:L8E°0 R~ ] NVAdOdNd T
[080°0] [690°0] [180°0]

8YET 1€ €08°0 81€°0 #52:L9T0 S01°0 #S91°0 [enua)
[660°0] [980°0] [+60°0]

s £CE99 LY6'1 sk [91°€T s (P8 E 23 19€70 sx:PPS0 238101 8207 T

NA-TVILNAD-TVOOT Nd TVILNAD Nd TvO0T IVILINAD TVOOT NVadodNd TVIALNAD V001

1S9L TIYD Plem

sjualo1go00 Sutredwon 3591 ZIYD) PlEA '109RS WOPULI YiIm JO uonewns? Jqoid Hoddns NvAdOMNA Pue TVIINAD “TVD0T wol Sunyauq jo Ajjiqeqold € ajqel

pringer

A's



I. M. Bodas Freitas

758

10>d 4 'S0°0>d s

100> d s “SID[ORIQ UL SIOIID PIEPULIS

6’078~ SIEl- 906~ pooyerT 50

sl V' 6SE sx6'C8T #1555 SHS T prem

Oﬁ ©~ Oﬁ EOﬁuuHm mo mouuwmﬁ

8061 8061 8061 SWY JO JoquuInN

¥80¢ ¥80€ ¥80€ SUONEAINSQO
[81297] [cLeet] loLo°1]

I6C1— LE6'6— xSL8'T— ng3isu|

[¥szol [161°0] [zszol

w801 €~ s S9 [ — s [ [VC— juesuo)
[s80°0] [oL070] (980701

L00°0 #2888 LY 2000 -l #8970 - #2650 900
[s60°0] [690°0] [z60°0]

#558€8°L1 192°0 xxbL9°S #5x€€9°01 1+0°0— 101°0— 52 PLT0 800C
[¥zr0] [160°0] [e1170]

655°S 6100 66L'1 LL6'T ¥80°0 S01°0 #460€°0 IoomosinQ
[zerol [cor°0] [og170]

6820 ¥92°0 $60°0 1£0°0 L9T°0 180°0 011°0 Iojeroqe[jo)
[901°0] [180°0] [¥o1°0l

7900 1000 0200 9€0°0 #2:09E°0 #2:99€°0 s IPE0 uad
[160°0] [oL070] (680701

NA-TVIINID-TVIOT Nd TVILNID Nd TVO0T IVIINAD TVIOT NVAdOdNd IVILINAD VD01

1S9L TD PIEM

(ponunuod) € a|qe)

pringer

A's



Mapping variety of innovation strategies sponsored by the... 759

5.2 Evolution on the variety of innovation activities sponsored during the 2000s

The objective here is to provide a clear picture of the strategies and characteristics being
sponsored in each sub-period. Hence, we estimate the probability of benefitting from
LOCAL, CENTRAL and EUROPEAN public support in each period. We estimate the
robust probit using a conditional mixed process, which allows the error terms to be
linked and the dependent variable related. Next, we compute the Wald chi square tests,
comparing coefficients over the four periods. Results are reported in Table 4. In the
annex A Table 5, we report the estimation of the same models but add the lag of the
LOCAL, CENTRAL and EUROPEAN, which, while providing less unbiased coeffi-
cients on the effect of each characteristic on the probability to get the support, also
provides a less clear description of the strategies and characteristics being sponsored in
each sub-period.

In terms of the innovation paths supported, during the 2000s, the innovation
activities of Ambidextrous firms were more likely sponsored by any levels of policy-
making, while Explorers and Exploiters seem to have been able to benefit from public
sponsoring for their activities from different levels of policy-making. In the early
2000s, LOCAL support (columns 1, 4) reached mostly the innovation activities of
Ambidextrous and Exploiters, EUROPEAN (columns 3, 6) support targeted especially
Ambidextrous and Explorers, while CENTRAL support (columns, 2, 5) sponsored
firms with a variety of (well-defined) paths for innovation. In the mid-2000s, the three
levels of policy-making sponsored mostly Ambidextrous and Explorers. In the late
2000s, LOCAL policies (column 10) encouraged mostly Ambidextrous and Exploiters,
while CENTRAL and EUROPEAN (columns 11, 12) policies encourage all the three
strongly well-defined innovation paths.

Concerning the governance of the exchange with external actors, during the 2000s,
the innovation activities of Open firms were strongly supported by all the levels of
policy-making, in line with results in Table 3. Still, LOCAL support (columns 1, 4, 7,
10) also favored significantly Outsourcers, while EUROPEAN in the first and last sub-
periods (columns 3, 12) sponsored significantly Collaborators.

In terms of learning loci, results suggest that, during the 2000s, while some
efforts were made to reach a diverse set of firms, some specific technological
learning loci remained neglected. In the early 2000s, LOCAL support (columns
1,4) reached mostly Small firms active in Supplier-dominated or Scale-intensive
sectors, while Large International firms were instead targeted by European
policies (columns 3,6). During the mid and end 2000s, LOCAL support (col-
umns 7, 10) continued to benefit these learning loci, but these were each time
less favored together with scale-intensive sectors. CENTRAL support (column
11) encouraged each time more the innovation activities of /nternational firms.
EUROPEAN support (column 9, 13) seems to have become each time more
difficult to be used by Specialized-suppliers and Scale-intensive firms, while
slightly less difficult for Small firms active in National markets.

We focus now on the significant time differences for each level of public support.
During the 2000s, LOCAL support (column 13) increasingly favured Open firms.
Specialized-suppliers and, to a lesser extent, Science-based firms, which, in the begin-
ning of the period, were less likely to get LOCAL support, became as likely as firms in
other industries to get the support.
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Concerning the CENTRAL public support, the Wald Chi square tests (column 14)
hint at the notion that the period 20042006 marks a change in its design and/or
implementation. Moreover, they suggest that, in the period 2004-2006, CENTRAL
support (column 8) targeted a very peculiar type of firms that had not been addressed
before or after. Before and after 2006, CENTRAL support supported mostly Explorers,
Ambidextrous, as well as Open firms. In 2004, Small firms were more likely to get the
support, but the same was not found in any other period. In 2000, Science-based firms
were less likely to get CENTRAL support when compared to Supplier-dominated
firms. In 2004, Specialized-suppliers and Scale-intensive firms were the targeted
technological learning loci. In 2008, no specific technological learning locus was
targeted but it seems to have favored firms active in International markets. Hence, if
we exclude the period 20042006, CENTRAL support seems to have evolved mostly
in terms of the learning loci supported.

Finally, during the 2000s, EUROPEAN support (column 15) increasingly favored
Open firms and, to a lesser extent, also Ambidextrous firms. Explorers and Large firms,
which in early 2000s were strongly favored over Small firms with non-defined
innovation search, kept being favored recipients of the EUROPEAN policies but
significantly less. Somehow similar, Collaborators, which in early 2000s were pre-
ferred over firms that relied on market transactions or on internal hierarchy, in the mid-
2000s, were not any longer preferred. From 2004, firms active in International markets
have been no longer specifically targeted by the support. In the late 2000s, Specialized-
suppliers and Scale-intensive firms were less likely to benefit from the support.

Overall, during the 2000s, variety of the innovation activities and strategies reached
by the three levels of policy-making does not seem to have increased. Variety in the
innovation paths sponsored may even have decreased as CENTRAL and EUROPEAN
support increasingly benefitted Ambidextrous firms. Similarly, variety may have de-
creased in the forms of governance sponsored as Open firms were increasingly favored
by all levels of policy-making. In terms of learning loci sponsored, while LOCAL
support increasingly sponsored a variety of technological and industrial areas, EURO-
PEAN support has increasingly neglected some specific technological learning loci and
CENTRAL support increasingly benefiting specific market learning locus.

5.3 Discussion

Evidence points to a relative (increasing) overlap of the innovation strategies sponsored
by the three levels of policy-making during the 2000s and, consequently to a slight
deterioration in the variety of innovation activities in the policy-mix.

During the 2000s, the three levels of policy-making increasingly sponsored with preference
Open and Ambidextrous firms. These firms have capabilities and resources to search for
innovation opportunities by investing in widening their knowledge basis while investing in a
number of auxiliary activities to exploit innovation opportunities from their current knowledge
and technologies, as well as for coordinating knowledge exchange with external actors through
a multiplicity of forms. Firms with well-defined but less integrated innovation strategies such
as Explorers, Exploiters, Collaborators or Outsourcers still had more chances to get their
innovation activities public sponsored by some levels of policy-making, when compared to
firms that do not rely on well-defined strategies for innovation search and for knowledge
exchange with external actors. Concerning variety of the learning loci sponsored, during the
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2000s, LOCAL support kept reaching with preference Small firms, but increasingly fewer
firms active on specific markets or technological sectors. Instead, despite some advances
during the 2000s, EUROPEAN and CENTRAL support still reached firms with a preference
in some specific learning.

These results are somehow in line with prior research on French innovation support
and the evolution of the public policy scene in France. In 1982, the law on decentral-
ization supported transfer to the regions of responsibility and resources for policy
implementation and design. Ministerial regional offices, local agencies and a budget
(Contrat Plan Etat-région - CPER) were established to accomplish this decentralization
(Cole 2006; OECD 1993, 2000a, 2000b). Particularly important in this process was the
CPER, which made government and regional authorities partners for the financing and
selecting of common priorities for regional development. The CPER allocates funds to
local organizations and defines their specific uses (Cole 2006; OECD 1993, 2000a,
2000b). Thus, unlike other European countries, the devolution of responsibility in the
French administration, to sub-national public authorities, is characterized by decentral-
ization of central state agencies (Cole 2006).

In the context of public support for innovation and research, from the 1980s until the
early 2000s, under a political commitment to decentralize budgets and responsibilities,
support was implemented at the regional and local levels by an increasing number of
organizations. In addition to public funding for industrial renewal, local firms and
especially small and medium sized enterprises were able to benefit from the ANVAR
reimbursable financial aid for research or from the ANRT support for a collaborative PhD
program, or from CRITT support for technology transfer (Crespy et al. 2007; Bodas-
Freitas and von Tunzelmann 2008). Given the large number of organization and the
overlaps in their functions combined with the need for public support to keep abreast of
technological and management developments, from the mid-1990s, the central govern-
ment launched several new programs (Crespy et al. 2007; Bodas-Freitas and von
Tunzelmann 2008). These Central government programs were aimed at encouraging
networking and collaboration among the different local policy actors, to improve acces-
sibility, decrease the complexities of public support for firms, encourage the development
of technological and business-to-business services together with best-practice technolo-
gies, and signal the areas where local frameworks are more appropriate.

Indeed, Bodas-Freitas and von Tunzelmann (2008) show that, in the early 2000s, French
Local public support was based more on financial subsidies for collaborative research,
technological development and technology adoption, and Central government support was
directed towards encouraging new market and technological developments through open calls
(‘as well as the development of tools to monitor public business services provision or to
support management capabilities of firms’ (Bodas-Freitas and von Tunzelmann 2008, p.1459).
The European Framework programs sponsor research and networking activities among mostly
large firms involved in research activities (Laredo 1995).

In the mid-2000s, several legal changes strengthened the decentralization of public
innovation policy. The 2003 Constitutional Reform and the 2004 Decentralization Act
included the principle of financial autonomy of local authorities and allowed public
support to vary across the country (Cole 2006). This resulted, for example, in French
regions being able to bid for and control the management of structural funds (Cole 2006;
Crespy et al. 2007). In 2005, Regional Councils were given explicit responsibility for
economic development and efforts were made to clarify responsibilities and rationalize
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local and regional administration. For example, in 2005, the local ANVAR network
merged with the development bank — Banque du développement des petites et moyennes
enterprises (BDPME) — and formed the OSEO, the mission of which since has been to
support technological development and innovation, SMEs and new firm creation and
development (Crespy et al. 2007). In addition, several different national agencies, such as
ANR, the national research foundation, have been created to govern research, innovation
and technology transfer in coordination with local agencies (Cole 2006; Crespy et al.
2007). For example, OSEQ, in collaboration with ANR, launched a national competition
for the creation of technology-based companies (Crespy et al. 2007). At the same time,
calls to support poles de compétitivité were launched nationally to create competitive
industrial clusters based on synergies between local research organizations and firms.
Firms in these clusters are eligible for several types of direct aid and are prioritized in
applications for other types of support. In addition, local partners support local firms to
apply for European support for innovation (Crespy et al. 2007).

These legal and organizational changes that occurred in 2004—5 seem to explain the
changes observed in the innovation strategies sponsored in the late-2000s. While until
the early 2000s, a fuzzy ‘division’ of the innovation policy objectives across the levels
of policy-making might be perceived, this seems to have become even more ambiguous
from the mid-2000s. As local authorities and agencies extended their policy portfolios
and policy domains, they could reach a greater variety of firms, and they would also
target those that are favored by the other levels of policy-making. By the end of the
2000s, benefit of LOCAL support in the previous period improved significantly the
probability to use of public support provided by any level of policy-making, while prior
benefit from CENTRAL support does no longer enhance the probability of getting any
support (see Table in Annex A Table 5). As Central government focused on setting the
direction, for research and innovation and on developing networks, its support was then
mostly targeting the innovation activities of Ambidextrous and Open firms, which were
also targeted by Local and European support.

In sum, it seems that as Local policy portfolios increased, and Local, Central and
European public support for innovation became more similar (sponsoring pre-
competitive research, technology-intensive start-ups, collaborative research and net-
work building). Hence, we cannot observe an increase in variety in the innovation
strategies fostered by the policy-mix (as data suggests in Table 1).

6 Conclusions

Several studies claim that to address current economic and social challenges requires a
range of public instruments for promoting multiple of technologies, business models
and institutions. However, little attention has been paid to whether and how the policy-
mix might actually provide incentives for a variety of innovation activities. The present
study addressed this gap in the innovation policy and policy-mix literatures by propos-
ing that, by examining the characteristics and innovation strategies of the recipients of
public innovation support, one can get insights into the variety of innovation incentives
fostered by the policy-mix. Our framework propose that three different aspects of firms’
innovation strategies are relevant to differentiate firms’ potential use of the public
support: the innovation search path, forms of governance for technological sourcing,
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and their learning loci. To show the practical utility of this framework, we presented an
application using data from the French CIS.

Empirical evidence showed that, during the 2000s in France, we cannot observe an increase
in variety in the innovation strategies fostered by the policy-mix. The three levels of policy-
making increasingly sponsored with preference Open and Ambidextrous firms. Firms with
well-defined but less integrated innovation strategies could still get their innovation activities
public sponsored by some levels of policy-making, but each time with few chances. Hence, the
different multi-level policy resources are being used mostly by firms that follow well defined
and integrated strategies for innovation search and for reaching their partners in the ecosystem.
Ironically, despite being a caricature of the organizational ability to deal with variety, by being
able to cope with several different activities, the innovation efforts of Ambidextrous and Open
firms could not capsulate the variety of knowledge and business experiments needed in an
economy. Their activities are well embedded on existing knowledge bases and markets which
is why they can perform simultaneously these apparently different activities and strategies
(Levinthal and March 1993; Raisch et al. 2009). Hence, to tackle socio-economic challenges, it
is important to address also firms with less integrated innovation strategies, which may signal
lower possibilities of short-term commercialization and diffusion of new knowledge.

When using this or an adapted version of this framework to examine the extent to
which the policy-mix promotes variety generation in the system, it is important to note
the following. First, in different institutional set ups or over time in institutional set ups
that experience severe institutional changes, policy-mixes with similar designs might be
able to target firms with different characteristics and innovation strategies. In addition,
firms’ activities can shape innovation policy as well (Teubal and Andersen 2000).
Therefore, this approach to the examination of variety in innovation policy-mixes,
would benefit from being complemented by policy design analysis.

Second, the data and measures used to characterize and/or compare policy-mixes influence
the nature of the insights obtained. In our examples, we used secondary information on the
firms’ innovation activities. This allowed us to characterize the innovation activities that are
promoted publicly, but limits our understanding of whether and how firms adapt their
strategies to access the available public support. With the primary appropriate data, we could
use information on firms’ intentions to use different types of public support, for example,
whether they approached public support providers/platforms with the intention to learn more
and access public support, whether firms’ realized that the support available was not worth
applying for, or whether firms applied but were not granted support.

Third, this framework could be fine-tuned to address specific policy objectives. In
addition to the specifics of the policy objective, the framework could be customized to
the specific socio-economic set up and the evolution of technological and innovation
strategies and business models. This could be achieved via a series of exercises aimed
at identifying specific innovation strategies, translating policy objectives and policy
design into innovation strategies to be targeted, and drawing on innovations strategies
being targeted effectively to inform the redesign of policy.
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