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1. Introduction

The purpose of this article is to discuss the different types
of instruments of innovation policy, to examine how govern-
ments and public agencies in different countries and different
times have used these instruments differently, to explore the
political nature of instrument choice and design (and associ-
ated issues), and to elaborate a set of criteria for the selection
and design of the instruments in relation to the formulation of
innovation policy. In the everyday process of policy-making,
many instruments are developed as a mere continuation of
existing schemes, or with poor consideration of the expected
effects. This article argues that innovation policy instruments
must be designed carefully and on the basis of an innovation
system perspective, so that they are combined into mixes in
ways that address the complex problems of the innovation
processes. These mixes are often called “policy mix”. The
problem-oriented nature of the design of instrument mixes is
what makes innovation policy instruments ‘systemic’.
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Innovations are defined here as new creations of economic
and societal significance, primarily carried out by firms (but not
in isolation). They include product innovations' as well as pro-
cess innovations.? Innovation systems are the determinants of
innovation processes and the innovations themselves. Innova-
tion policy comprises all combined actions that are undertaken
by public organizations that influence innovation processes.’
The public organizations use innovation policy instruments as
tools to influence innovation processes. The choice of policy
instruments constitutes a part of the formulation of the policy,
and the instruments themselves form part of the actual imple-
mentation of the policy. This double nature of instruments
suggests that it is important to look at how they are chosen
and the praxis with regard to implementation of the policy.
This article looks at the first aspect, namely the choice of policy
instruments, and focuses on the formulation phase of the
innovation policy.

! Product innovations are new - or improved - material goods as well as
new intangible services; it is a matter of what is produced.

2 Process innovations are new ways of producing goods and services. They
may be technological or organizational; it is a matter of how things are produced.

3 Innovation policy thus includes actions by public organizations that
unintentionally affect innovation.
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The ultimate objectives of innovation policy are determined
in a political process. These objectives may be economic (growth,
employment, competitiveness, etc.), environmental, social, re-
lated to health, defense and security, etc. How different ulti-
mate objectives of innovation policy should be balanced is an
important political issue. The determination of innovation policy
objectives is typically done in a complex process, which in
democratic societies involves executive government initiatives,
parliamentary discussions, public agencies, the civil society,
etc. Naturally, the objectives of innovation policy have to do
with the different national traditions and forms of state-market-
society relations, not to mention the ideology of the govern-
ment in office. The ultimate objectives of innovation policy are
concerned with the important consequences that innovations
have for socio-economic and political matters such as economic
growth and the environment (mentioned above).

Problems to be mitigated by innovation policy must be
identified and specified in innovation terms. A problem, in
our sense - i.e. from a policy point of view - is, for example, a
low performance of the innovation system, i.e. a low innova-
tion intensity (or a low propensity to innovate) of a certain
category of innovations (product, process, etc.). In other words,
a ‘problem’ exists if the objectives in terms of innovation in-
tensities are not achieved by private or public organizations.
Low innovation intensities are the problems to be solved or
mitigated by innovation policy. Hence we need to know the
innovation intensities for specific categories of innovations in
the context of the innovation system.

Innovation policy instruments are, of course, not intended
to (and cannot) influence the ultimate objectives (e.g. growth,
the environment or the health system) in an immediate sense,
because these instruments can only influence innovation
processes (i.e. innovation intensities). This implies that the
ultimate socio-political objectives must be “translated” into
concrete problems related to innovation intensities — problems
which can be influenced directly by innovation policy instru-
ments. For example, we need to know how the ultimate objec-
tives of economic growth and environmental protection are
related to (certain kinds of) innovations. The objectives ex-
pressed in innovation terms can be called direct objectives, which
are to solve the innovation intensity “problems”. The ultimate
objectives can (partly) be achieved by means of fulfilling the
direct objectives, i.e. in a mediated way. Hence, innovation policy
instruments are selected to achieve the direct objectives — and
thereby the ultimate objectives.*

In addition, knowing that there is reason to consider public
intervention is not enough. An identification of a problem only
indicates where and when intervention is called for. It says
nothing about how it should be pursued. In order to be able to
design appropriate innovation policy instruments, it is neces-
sary to also know the causes behind the problem identified — at
least the most important ones ([15]: 234-5).” If our car engine
stops, we need to know why it has stopped before we can fix it.

4 “Problems” and how they can be identified through empirical analyses
comparing innovation systems are issues that are discussed in much more
detail in Sections 3 and 4 in Edquist [13].

5 A causal analysis might also reveal that public intervention is unlikely to
solve the problem identified, due to the lack of ability. That should, of course,
prevent policy intervention.

Once there is a general picture of the causes of the policy
problems, then it is possible to identify, on this basis, the policy
instruments that might mitigate the problems, and, most im-
portant, how to combine them into a specific mix. If the main
cause of a problem is lack of adequate levels of research, then
the different policy instruments for enhancing levels of R&D
should be in focus. If there is lack of demand for certain product
innovations, then a specific set of demand-side instruments
such as public procurement for innovation and specific regu-
lations can be used in an instrument mix that targets that
specific problem.®

This article studies the role of policy instruments in the
definition of systemic innovation policy, the types of policy
instruments in innovation policy, the problem-oriented nature
that defines the criteria for that design and choice, and the
politics involved in that. With this purpose in mind, the next
section starts by discussing the importance of the choice of
policy instruments in relation to the innovation system, and
the three dimensions that are crucial in this regard. Section 3
identifies the different types of policy instruments and de-
fines their combination in instrument mixes, in a general sense,
according to the literature of public administration. Section 4
takes this up into the concrete area of interest, namely inno-
vation policy, providing examples, and discussing the specific-
ities of policy instrumentation in an innovation system context.
Section 5 examines in detail how these policy instruments are
related to the problems that might relate to the different activ-
ities of the innovation system, in the understanding that policy
instruments shall mitigate the problems that might occur in
the system. Section 6 acknowledges that the choice and de-
sign of policy instruments in innovation policy is a political
process, and the importance of legitimacy of instruments in the
context of advanced democratic societies. Last, the concluding
section summarizes the arguments, emphasizing the problem-
mitigation approach to innovation policy instruments choice
and design, conducted from an innovation system perspective.

2. The choice of instruments

The choice of instruments is a crucial decision regarding
the formulation of an innovation policy. This entails three
important dimensions. Firstly, a primary selection of the spe-
cific instruments most suitable among the wide range of
different possible instruments; secondly, the concrete design
and/or ‘customization’ of the instruments for the context in
which they are supposed to operate; and thirdly, the design
of an instrument mix, or set of different and complementary
policy instruments, to address the problems identified.

Sometimes innovation policy instruments are chosen on
an individual basis, meaning, on the basis of their individual
features alone. Typically however, innovation policy instru-
ments are combined in mixes, implying that the selection of
instruments takes into consideration their complementary or

5 These issues are often discussed in terms of “policy mixes”. (See for example
Flanagan and Uyarra [20] and Serris [21]. We define innovation policy as all
combined actions that are taken by public organizations and influence innovation
processes (Section 1). Therefore it becomes somehow inappropriate to talk about
“policy mixes” and we think that “instrument mixes” captures the phenomenon
of combination of instruments better.
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balancing effects on the innovation system. When selecting
instruments it is important to look at both the individual
features and the complementary/synergetic/contrasting effects
of an instrument in relation to the specific mix in which it is
embedded. A crucial dimension when discussing the choice
of innovation policy instruments is the issue of adapting the
instrument to the specific problems in the innovation system,
and, most important, to the specific features of the adminis-
trative structures. In other words, policy instruments need a
certain degree of adaptation and ‘customization’ to the changing
needs of the system and the capacities of public administrators.

One example that shows the importance of policy instru-
ment choice is the comparison of the innovation policies in the
ICT sectors of Israel, Taiwan and Ireland during the 1990s. In
developing their ICT industry, these three countries focused
on similar goals for economic growth and socio-economic
development in their innovation policy. These three countries
targeted specific goals for developing physical infrastructures,
invested in education, deregulated markets (notably telecom-
munications) and paid special attention to small and medium
size companies, as the engines of ICT sector economic growth.
But, as Breznitz indicates: “[...] their micro-level policies -
those at the level of industry and firm - were distinctively
different. Since the late 1960s Ireland has focused mainly on
foreign direct investment (FDI)-based industrial development
policies. Israel has focused on inducing industrial R&D activities
through public grants, with project ideas originating solely in
private industry. In Taiwan the ruling party [...] relied on such
public research agencies as the Industrial Technology Research
Institute (ITRI) to lead R&D efforts and diffuse the results
throughout private industry” [1]:7. That is, even when the three
states had very similar goals, the trajectories that they followed
and the instruments that they chose for the implementation of
those goals were different. This is what Breznitz calls ‘micro-
level policies’ and what we call ‘instrument choice’. The three
countries above made different instrument choices for virtually
the same overall goals, and all three have been rather successful
in achieving them.

As mentioned above, direct innovation policy objectives
must be formulated in terms of identifying problems in the
innovation system, and there is no way to identify “problems”
specifically enough on the basis of theory alone. Problems can
be identified by means of different kinds of sources of infor-
mation, namely measurements, analysis or comparative stud-
ies. The most widely used, and perhaps the most influential,
sources of information for the identification of problems in
the innovation system are innovation indicators. Innovation
indicators come typically from a variety of regular statistical
series at national and international levels (the most famous
set of international indicators is based on the ‘Oslo manual’
and the OECD's own statistical series), or from innovation
surveys, which provide more detailed and firm-based data about
innovation trends.”

A second source of information for innovation policy-making
is foresight exercises, which produce expert-based analyses of
future trends in specific technological fields. Benchmarks and
best cases have also become popular in the advanced economies
during the past few years. Benchmarks are typically quantitative

7 Innovation indicators are addressed in more detail in Edquist [13].

targets set up by public agencies and governments on the basis of
best cases' performance.

Last, but not least, another example of an extensively used
source of information in innovation policy-making these days
is independent expert assessment of innovation policy perfor-
mance (e.g. evaluation of policies), which is typically done in
national contexts. More recently however, international orga-
nizations have increasingly engaged in external assessment
of national policies, particularly the OECD (with very influential
assessment exercises of innovation policies for higher educa-
tion systems), and the EU (where EU27 member states ex-
change best practices and peer review each other).

3. Types of policy instruments and instrument mixes

A conventional and general definition of public policy
instruments is “a set of techniques by which governmental
authorities wield their power in attempting to ensure sup-
port and effect (or prevent) social change” [2]: 21. This definition
puts an emphasis on the purposive nature of policy instruments.
Policy instruments have a purpose, namely, to induce change
(or to avoid change) in a particular way, which is believed to
stimulate innovation, i.e. influence the direct innovation policy
objectives. The purposive nature of the instruments is to remind
us that the instruments are put in place to achieve some spe-
cific goals. Obviously, the instruments of innovation policy
are focused on fostering innovation. However, as mentioned
in Section 1, innovation is rarely a goal in itself, but a means to
achieve broader political goals like economic growth, increased
employment, environmental protection, military capacity or
public health, to name some of the most important ultimate
objectives. Hence, put in other words, innovation policy in-
struments are intended to influence innovation processes, and
thereby contribute to fulfilling these ultimate political goals by
means of achieving the direct objectives formulated in innova-
tion terms.

The Vedung definition above is interesting for a second
reason: it also emphasizes the effectiveness and popular support
dimensions of innovation policy instruments: “to ensure sup-
port and effect social change”. As we will see in this article, the
political support and the effectiveness of the instruments are
very important aspects of innovation policy, as is the under-
standing that there are important differences and changing
traditions in the combinations of policy instruments in innova-
tion policy, the so-called instrument mixes. Strictly speaking,
each policy instrument used by a government or public agency
is unique. Instruments are typically chosen, designed and imple-
mented with a specific problem in mind, in a specific policy
context (innovation policy in this case), at a specific point in time,
and in a specific political-ideological situation of the govern-
ment. The strong contextual nature of the choice and specifica-
tion of policy instruments is a crucial aspect in the design and use
of policy tools However, the uniqueness of policy instruments
does not impede their classification according to the logic behind
public action.

Generally speaking, there are three large categories of in-
struments used in public policy: (1) regulatory instruments,
(2) economic and financial instruments, and (3) soft instru-
ments. This three-fold typology of policy instruments is what has
popularly been identified as the “sticks”, the “carrots” and the
“sermons” of public policy instruments [3]. Admittedly, there are



1516 S. Borrds, C. Edquist / Technological Forecasting & Social Change 80 (2013) 1513-1522

alternative classifications of policy instruments [4,5]. However,
the three-fold division used here remains the most accepted
in the literature on instruments, and continues to be the most
widely used in practical contexts [6,7]. The added value of
focusing on it is two-fold. Firstly, it allows us to make sense of
complexity and to navigate in an ocean of different instruments
in innovation policy. Secondly, it allows us to define some useful
criteria for the choice and design of instruments in the formu-
lation phase of innovation policy (in the next sections of this
article).

(1) The first type, regulatory instruments, use legal tools for
the regulation of social and market interactions. The logic
behind this type of instrument is the willingness from
the government to define the frameworks of the in-
teractions taking place in the society and in the economy.
Naturally, there are many different types, but common
for them all is that these regulatory instruments (laws,
rules, directives, etc.) are obligatory in nature, meaning
that actors are obliged to act within some clearly defined
boundaries of what is allowed and what is not allowed.
Obligatory measures are typically backed by threats of
sanctions in cases of non-compliance. These sanctions
can be very different in nature (fines and other economic
sanctions, or temporary withdrawal of rights), depending
on the content of the regulation and the definition of
legal responsibility. Some authors believe that sanction-
ing is the most crucial property of regulatory instruments
(focusing on the imposition and hierarchical side of
regulation). Others see the normative authority of gov-
ernments as the most important feature of these instru-
ments (hence focusing on the normative-positive side of
obligatory regulation) [8]. From the point of view of
innovation policy, regulatory instruments are often used
for the definition of market conditions for innovative
products and processes.®

Economic and financial instruments provide specific
pecuniary incentives (or disincentives) and support
specific social and economic activities. Generally speak-
ing, they can involve economic means in cash or kind,
and they can be based on positive incentives (encour-
aging, promoting, certain activities) or on disincentives
(discouraging, restraining, certain activities). Table 1 pre-
sents some examples of economic instruments according
to these different sub-types.

(2

—

As the table above shows, economic instruments are very
broad in nature. In some countries there is traditionally extensive
use of economic instruments providing economic means in kind,
whereas in others there is wider use of economic means in cash.
As we will see in Section 3, economic and financial instruments
have been extensively used in the field of innovation policy.

(3) Soft instruments are characterized by being voluntary
and non-coercive. With soft instruments, those who are
‘governed’ are not subjected to obligatory measures,
sanctions or direct incentives or disincentives by the
government or its public agencies. Instead, the soft in-
struments provide recommendations, make normative

8 They are often called “institutions”, meaning “rules of the game” (to be
distinguished from “players”). We will examine this in the next section.

Table 1
Examples of economic instruments.
Source: [2]

Economic means in cash:

Positive incentives (encouraging and promoting):
= Cash transfers
= Cash grants
= Subsidies
= Reduced-interest loans
= Loan guarantees
Disincentives (discouraging and restraining)
= Taxes
= Charges
= Fees
= Customs duties
= Tariffs
Economic means in kind:
Positive incentives:
= Government provision of goods and services
= Private provision of goods and services under government contracts
= Vouchers

appeals or offer voluntary or contractual agreements.
Examples of these instruments are campaigns, codes of
conduct, recommendations, voluntary agreements and
contractual relations, and public and private partner-
ships. These instruments are very diverse, but generally
based on persuasion, on the mutual exchange of infor-
mation among actors, and on less hierarchical forms of
cooperation between the public and the private actors.

The growing use of soft instruments is at the heart of
fundamental transformations in the public administration of
most countries (particularly visible in Europe and the US).
This has been termed ‘governance’, meaning that the extensive
use of these instruments has transformed the role of the
government from being a provider and regulator to being a
coordinator and facilitator [9]. What is important at this stage is
to underline the fact that there has also been a rapid growth
in the number of these types of instruments in the field of
innovation policy, as we will see in the next section.

4. Innovation policy instruments

The three-fold typology of policy instruments above is
applicable to innovation policy. Instruments like intellectual
property rights, environmental regulations, tax exemptions,
competitive public research funding, support for technology
transfer offices, soft loans for innovations in specific industries,
or industrial and public-private partnerships for knowledge
infrastructure are widely used in innovation policy in many
countries.

(1) Regulatory instruments using law and binding regula-
tions are important in the field of innovation policy, for
example the regulation of intellectual property rights
(in particular, but not only, patent regulations), the
regulation of research and higher education organiza-
tions like universities and public research organizations
(most importantly the statutory nature of the organiza-
tions, and researchers' employment regulations), com-
petition (anti-trust) policy regulations concerning R&D
and innovative activities by firms in the market, bio-
ethics and other ethical regulations related to innovative
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activities, and last, but not least, some specific industrial
sector regulations with effects on innovative activities.,
Regulatory instruments are ‘rules of the game’ for knowl-
edge and innovation processes in innovation policy.
Because regulations are obligatory, these rules of the
game are formal and compulsory and constitute an im-
portant part of the institutional set-up of a system of
innovation.

It is important to keep in mind that the relationship be-
tween regulatory instruments and innovation can be direct
or indirect. A direct relationship refers to the situation where
regulations have been designed with the explicit purpose
of positively affecting knowledge and innovative activities.
An example of this is when patent and university laws are
changed in order to allow universities to own patents and
to create the necessary organizational arrangements to stim-
ulate the commercialization of knowledge [10]. However,
regulatory instruments might sometimes be important for
innovation processes in an indirect way. This is the case when
the final purpose of a specific regulatory instrument is not
to foster innovation, but this happens in an indirect way,
as pointed out in our definition of innovation policy in the
Introduction (footnote 3). An example of this is when an envi-
ronmental regulation forbids a specific polluting chemical
substance, or forces a reduction in industrial waste; this in-
duces product innovations or process innovations, because the
regulation forces firms to find alternative solutions. As with the
other types of instruments, regulatory instruments can have an
important impact on the innovation process, due not only to
the way in which these instruments are selected and designed,
but also how they are implemented and enforced.

(2) Regarding the second type of instruments (economic
transfers), innovation policy has traditionally made
extensive use of these. This is particularly the case for
instruments stimulating positive incentives in cash and
in kind. One of the most widely used instruments is ‘in
block’ public support to research organizations, primar-
ily public universities and public research organizations.

Regulations

Economic
transfers

Soft
instruments

This is perhaps one of the oldest and most extended
policy instruments for innovation, since history contains
plenty of cases of monarchs and princes who supported
the arts and sciences. This category of instrument was
particularly used after the constitution of the modern
state in the 19th century, and in the post-colonial era in
the second half of the 20th century. Other fundamental
instruments using economic incentives are competitive
research funding (industrial or basic research), tax in-
centives for R&D performed at firm level, support to
technology transfer, and support to venture and seed
capital. There has been a significant trend towards se-
lecting and designing ‘market-based’ or ‘market-like’
economic incentives in the past two decades. A case in
point is the relative reduction of ‘en block’ institutional
support to research organizations in most OECD coun-
tries, and the parallel increase of schemes using com-
petitive research funding [11].

Another significant observation at this stage is that most of
the existing economic instruments largely influence the devel-
opment and diffusion of innovations (products and processes)
from the supply side rather than the demand side. However,
scholars and policymakers alike are starting to recognize the
importance of developing instruments that influence innovation
processes from the demand side. This is due to the demand side
being crucial in terms of some of the most important dynamics
in the innovation process (the role of users and customers in all
sorts of innovation processes), and to a series of fundamental
pure public goods (for example clean air) with a rather weak
demand-side (green technologies). Instruments focusing on the
demand-side can help redress these specific types of weak-
nesses. One example is public procurement for innovation, to be
addressed in Section 4.

(3) ‘Soft instruments’ are our third main category of in-
struments. These instruments have been increasingly
used in innovation policy during the past two decades.
However, it is important to keep in mind that even if their
relative importance is increasing, these instruments are

* [ntellectual Property Rights
* Universities and PROs statutes

* Competition policy about R&D
alliances

* Bioethical regulations

* 'En block’ support to research
organisations and universities

* Competitive research funding
* Tax exemptions
* Support to venture and seed capital

= Voluntary standardisation
* Codes of Conduct

* public-private partnerships
* Voluntary agreements

Fig. 1. Examples of policy instruments in innovation policy.
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largely a complement to regulatory and economic instru-
ments. Nonetheless, they might constitute important new
forms and new approaches to public action in terms of
innovation.

There are many different forms of soft instruments. Examples
of these are:

voluntary technical standards at the national or international
level [12],

codes of conduct for firms, universities or public research
organizations (for example, the code of conduct for the recruit-
ment of researchers in Europe, advocating transparency in
recruitment procedures),

management contracts with public research organizations
(an instrument defining an agreement between policy-makers
and managers of these organizations, setting up the strategic
goals for that public organization),

public-private partnerships sharing costs, benefits and risks
in the provision of specific public goods (for example, in the
field of knowledge infrastructures),

campaigns and public communication instruments (for
example, diffusion of scientific knowledge by using events
like “research days” or TV documentaries).

Because innovation is a very complex phenomenon, the new
instruments might be able to address different aspects of the
innovation process and innovation system that the previous
regulatory and economic instruments could not do properly.
Sometimes, the soft instruments address ‘old’ issues of innova-
tion policy, but they do so in a different way Fig. 1.

5. Innovation policy problems, instrument mixes and
national styles

When designing innovation policy, the selection of innova-
tion policy instruments must be done in relation to the actual
problems identified in the innovation system. In Section 1, we
stressed that a problem has to be identified as low performance
of the innovation system, i.e. low innovation intensity for a
certain category of innovations. At the end of Section 1, we
discussed various ways to identify such problems. We have
pointed out that it is necessary to know the main causes of
the problems in order to be able to choose appropriate inno-
vation policy instruments. Policy instruments must be selected,
customized to the nature of the problem to be solved as well
as its causes, and combined in mixes with complementary
policy instruments. As we will show below, innovation policy
instruments are closely related to the different activities of the
innovation system.

The activities are divided into four groups. The first group
is the provision of knowledge inputs to the innovation process,
which include the provision of R&D and competence building
(education and training). In the group of Demand-side activities,
we include formation of new product markets and articu-
lation of quality requirements. In Provision of constituents
for systems of innovation, we list the creation and change of
organizations, innovation networking, and the creation and
change of innovation-related institutions (rules of the game,
discussed as regulatory instruments in Section 3). In the final
category of support services for innovating firms, we include
incubation activities (start-ups, entrepreneurship, small firms),

the financing of innovation and the provision of consultancy
services® [13].

Box 1
Key activities in systems of innovation

I. Provision of knowledge inputs to the innovation
process

1. Provision of R&D results and, thus, creation of new
knowledge, primarily in engineering, medicine and
natural sciences.

2. Competence building, e.g. through individual
learning (educating and training the labor force
for innovation and R&D activities) and organiza-
tional learning. This includes formal learning as
well as informal learning.

Il. Demand-side activities
3. Formation of new product markets.

4. Articulation of new product quality requirements
emanating from the demand side.

Ill. Provision of constituents
5. Creating and changing organizations needed for

developing new fields of innovation. Examples
include enhancing entrepreneurship to create
new firms and intrapreneurship to diversify
existing firms, and creating new research orga-
nizations, policy organizations, etc.

6. Networking through markets and other mech-
anisms, including interactive learning among
different organizations (potentially) involved in
the innovation processes. This implies integrat-
ing new knowledge elements developed in
different spheres of the Sl and coming from
outside with elements already available in the
innovating firms.

7. Creating and changing institutions — e.g., patent
laws, tax laws, environment and safety regula-
tions, R&D investment routines, cultural norms,
etc. — that influence innovating organizations
and innovation processes by providing incen-
tives for and removing obstacles to innovation.

IV. Support services for innovating firms

8. Incubation activities such as providing access
to facilities and administrative support for
innovating efforts.

9. Financing of innovation processes and other
activities that may facilitate commercialization
of knowledge and its adoption.

10. Provision of consultancy services relevant for

innovation processes, e.g., technology trans-
fer, commercial information, and legal advice.

Source: adapted from Edquist [13].

Although the list of activities is a preliminary and hypothet-
ical one, the important thing to stress here is that it includes
many determinants in addition to those commonly mentioned
in the literature (typically, the creation of knowledge and fi-
nancing of innovation activities). The reason for stressing this
is that these additional activities also influence innovation

9 We want to stress that this list is provisional and will be subject to revision as
our knowledge of determinants of innovation processes increases.
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processes. Concentrating only on R&D and financing may lead -
or rather, actually leads to - a linear supply-push view on the
innovation process and innovation policy.'® Efforts must be
made to avoid this if an innovation policy that looks at the
whole innovation system - ie. a holistic policy - is to be
achieved. As mentioned, our list includes also the activities in
the system that influence innovation processes from the
demand side.

Another relevant issue to consider when looking at these
ten different activities of the innovation system in relation to
the design of innovation policy, is that the innovation policy
instruments might be located at different levels of govern-
ment. The vertical division of powers across different levels
of government affects the extent to which federal/central,
regional/community or local/municipal are in charge of de-
signing specific policy instruments. Sometimes the division of
powers is clear in the sense that these levels of government
have exclusive powers, whereas at other times those powers
are shared (for example, support to incubators is typically shared
across different levels of government, but others like support
and regulation of public research organizations is concentrated
in one level of government). Hence, it is always very relevant to
understand the idiosyncrasies of state structures and multi-level
division of powers when studying the way in which policy
instruments have been designed and developed.

When looking at the then different activities in an innova-
tion system, a relevant issue is to analyze is the appropriate
balance between demand-side innovation policy instruments
and supply side instruments, mentioned in Section 4. “Science
and technology” policies pursued so far have had a too strong
emphasis on supply side instruments. We argue that there is a
need for a new generation of innovation policy instruments,
especially demand side instruments, such as public procure-
ment for innovation. One example of demand-side innovation
policy instruments is public procurement of innovation, an
instrument by which a public agency places an order for a
product or system that does not yet exist; innovation is nec-
essary to make delivery possible. PPl is a very powerful demand-
side innovation policy instrument that can be used to trigger
innovation, and there are many successful examples from
European countries. PPI can also be very useful in mitigating
the current grand societal challenges such as, global warming,
tightening supplies of energy, water and food, aging societies,
public health, pandemics or security. It is interesting to note
that China has started to give public demand an important role
in economic development and in the promotion of innovation.
According to the OECD, this represents a policy innovation since
the Chinese government traditionally has relied entirely on
supply-side policies to promote innovation [14,15]."!

A useful way of designing appropriate instruments, and
analyzing their role in the innovation system, is to relate them

10 R&D does not automatically lead to innovations, i.e. to new product and
processes, and thereby to economic growth. Knowledge is not enough — it has
to be transformed into innovations in order to create growth and employment.
R&D is only one of the many inputs/determinants of innovation — it is not
always necessary, and it is never sufficient to achieve innovation-based growth.
The other nine activities are also important.

™ 1t is interesting to note that the December 2012 issue of the leading
innovation journal Research Policy is a special issue entitled “The Need for a
New Generation of Policy Instruments”. One of the articles addresses the
instrument of Public Procurement for Innovation (PPI).

to each of the ten activities. In the real world, the instruments
of innovation policy are rarely used standing ‘alone’. Normally
innovation policy instruments are combined in specific mixes,
using groups of different instruments in a complementary
manner. Instrument mixes are created because the solution of
specific problems requires complementary approaches to the
multi-dimensional aspects of innovation-related problems [16].

Hence, the ten activities mentioned in the paragraphs above
can be related to different (several or many) kinds of innovation
policy instruments. This will be done here by designing a matrix
of the relations between the ten activities and various policy
instruments. It must be emphasized that the matrix just serves
to exemplify relations between activities and instruments, and
certainly does not present a complete picture. As we saw in
Section 3, there are many innovation policy instruments that
can be used. The matrix shows the activities and some tradi-
tional types of instruments related to them.

We would also like to point out that innovation policy is
not included as one of the ten activities. The reason is simply
that policy is a part of all ten activities. Part of each activity
is performed by public organizations, which is policy (see
definition in Section 1). What is important is the division of
labor between private and public organizations with regard
to the performance of each of the activities [17]. When we have a
general picture of the causes of the policy problems, then we can
designate, on this basis, policy instruments to mitigate the
problems. If the main cause of a problem is lack of research, then
R&D should be in focus. If there is lack of demand for certain
product innovations, then a demand-side instrument such as
public procurement for innovation can be used. This is suggested
in the matrix. As indicated in Table 2, it may be helpful to use
the ten activities as a checklist when selecting innovation policy
instruments to achieve direct policy objectives — and thereby
also ultimate policy objectives. The list may also be useful in
assigning causes to problems.

Smits and Kuhlmann [19] argue that the formulation of
innovation policy has entered into a phase in which policy
instruments are becoming systemic. In their view this is
mostly visible in the area of ‘cluster approach’ policy instru-
ments [18], because these instruments are managing interfaces,
de-constructing and organizing systems, providing a platform
for learning, providing strategic intelligence, and stimulating
demand [19]. Their point is that ‘systemic instruments’ might
co-exist with traditional policy instruments of a traditional linear
mode. In our article, policy instruments are seen in a slightly
different way, in that instruments as such are not seen as
systemic or not. What makes them systemic is the way in which
policy instruments are combined and customized into mixes
that aim at addressing the concrete problems identified in an
innovation system. In other words, it is not the instruments
alone that make an innovation policy systemic. It is the in-
strument mixes that make it systemic — if they are designed and
implemented in a way that addresses the complex and multiple
nature of the causes of the problems. This is argued in more
detail in the previous sections dealing with the activities of
the innovation system, and the identification of problems asso-
ciated to those activities, that different policy instruments aim
at remedy.

The focus on instrument mixes (or “policy mix”) has
received considerable attention from policy-makers in the past
few years. In their review of the way in which this notion has
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been used, Flanagan et al., underline the complexity of policy
instruments, and argue that the actor and the institutional
context in which instruments operate are crucial in determining
3 > their effects [20]. Most of the recent efforts by policy-makers to
deal with instrument mixes have sought to enhance levels of
public and/or private R&D expenditures'? [21]. This is naturally
very relevant, but it only reflects one specific activity in an
innovation system.

A definition of innovation policy instrument mix is: The
specific combination of innovation-related policy instruments
which interact explicitly or implicitly in influencing innovation
intensities. It is worth pointing out here that there are no
perfect ideal-models or “optimal” policy instruments that
fit all purposes. On the contrary, instrument mixes are very
different and varied depending on the context for which they
are designed. The very specific and unique nature of each
innovation system, with its individual strengths and weak-
nesses, as well as concrete problems and bottlenecks, on the
one hand, and the very specific national/regional traditions
regarding state-market-society relations on the other, mean
that any “one-size-fits-all” attempt is irrelevant. This is to say
that policy-mixes are specifically designed and implemented
with specific problems and causes in specific systems in
mind, and tend to follow distinct patterns of national policy
styles. Innovation policy-mixes are different because the
innovation systems are different, the problems are different,
and the socio-political and historical contexts of policy-making
are different across countries and regions.

Having said that, however, the diversity of designs, experi-
ences and results of these instrument mixes might provide
good sources for mutual policy-learning. While acknowledging
differences and idiosyncrasies across countries, it is still possible
to dissect and analyze why and why-not some instrument
mixes are better at addressing complex problems in the inno-
vation system than others. One last issue that is important to
underline here is that differences in instrument mix outcomes
might not necessarily be related to the nature of the selection,
customization and combination of different policy instruments

innovation services

XXX

Incubation Financing Consultancy
activities

changing
institutions

XXX > >

Interactive Creating and

learning

changing
organizations

Articulation of Creating and
quality

markets requirements

product

Activities in the innovation system
Provision Competence New
building

of R&D

XXX X X X <

Note: The number of instruments is much larger — only examples are included here for reasons of space. A full development of this matrix might include 50-100 policy instruments for the ten activities.
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popular and political endorsement of different innovation policy
instruments.

In advanced representative democratic systems, political
parties tend to disagree on the type of policy instruments to
be chosen and how they should be designed. The same applies
to the citizens and the public in general, since their implicit or
explicit endorsement of policy instruments is crucial for the
sustainability and effectiveness of the policy instrument. An
instrument that is no longer legitimate runs the risk of being
popularly contested or falling into disuse, hence making its
correct implementation difficult. This might compromise its
effectiveness and expected results. If contestation is fierce and
widespread, governments and their public agencies might
reconsider the specific contents of an instrument, or even the
entire instrument as such.

Popular contestation and party politics can be particularly
strong in the formulation phase of innovation policy, which
is our main focus of interest here. One of the most recent
examples of strong popular contestation and adversarial party
politics during the phase of formulation of innovation policy
instruments is the proposal for a directive on software patents
in the European Union. The question of what can be patented
and what cannot be patented is a fundamental issue in inno-
vation systems because patent rules are highly relevant reg-
ulatory instruments providing incentives to inventors. The
limits of patentability have always been a topic for consider-
ation among patent experts (patent attorneys, patent exam-
iners and highly specialized legal practitioners), but very rarely
is it an issue that interests the general public. However, in the
late 1990s and early 2000s, this became one of the most hotly
disputed issues in European Union politics. The proposal of
the European Commission for harmonizing national regulations
allowing software to be patentable across the EU was strongly
opposed by the open source community, and strongly support-
ed by big industry. The proposal for a directive “on the patent-
ability of computer-implemented inventions” more popularly
known as software patents, put forward by the Commission in
2002, was rejected by a broad opposition in the European
Parliament. Leifeld and Haunss suggest that this was basically
due to the fact that the discourse coalition against software
patents managed to set the tone in spite of their very limited
economic resources [23]. From the perspective that interests
us here, namely the politics of innovation policy instruments,
this case indicates that the legitimacy of an instrument is
strongly related to the legitimacy and popular acceptance of the
instrument, and, in the case of patents, strongly related to their
effectiveness [24].

In the case above, the contending parties disagreed about the
regulation as such (software patents being subject to patent-
ability), but agreed on the overall goal of fostering innovation
and thereby economic growth. There are, however, cases where
contention regarding an instrument reflects fundamental dif-
ferences of opinion on alternative goals. This is particularly the
case of regulations related to life sciences. The rapid advance of
life sciences has occasionally put the goals of economic growth
and industrial exploitation in direct conflict with some pre-
established fundamental values and ethical norms in society
(bioethics). Examples of politically sensitive instruments are
the regulations regarding the use of embryonic stem cells in
research, the authorization of genetically modified organisms
in the environment and the market, or the limits of research

testing on animals and humans. All these examples show that,
although innovation policy instruments seem to be apparently
‘low politics’, occasional strong contestations show the essential
political nature of innovation policy formulation.

Another important dimension of political contention is the
nature of public action itself. In particular, whether state in-
tervention is motivated or not, and whether one or the other
innovation policy instrument should be used, have been deba-
ted intensively on the basis of political ideology and values.
From our point of view, the nature of public action must be
carefully analyzed and constructive discussions can be pursued
on the basis of these analyses. It is not particularly interesting
to argue that private organizations or public ones are the most
suitable when it comes to influencing innovation processes.
We want to see this empirically: specific analysis, constructive
pragmatism and common sense rather than ideological dogma-
tism are needed to find out who shall do what and with what
instruments.

7. Conclusions: innovation policy instruments and mixes

Making choices of instruments is a crucial part of policy-
making. Instruments of innovation policy need to be under-
stood as the operational forms of intervention by governments
and public agencies.

Even if instruments have a purposive nature (instruments
for something), it does not mean that all innovation policy
instruments have been consciously chosen and designed. As
a matter of fact, the selection and use of innovation policy
instruments are not always based on clearly defined overall
governmental objectives of innovation policy; nor are they
always based on a clear identification of problems. Unfortunate-
ly, many instruments are selected by means of an ad-hoc set
of decisions (or non-decisions), largely based on a continuation
of previous schemes, or on lobby activity of specific interest
groups, rather than on the visionary considerations of a holistic
innovation policy and a critical assessment of the actual prob-
lems that need action.

In this article, we have argued that the design of innovation
policy must include specifying ultimate objectives, translating
them into direct objectives and, on this basis, identifying
problems that are not solved by private organizations. These
problems are related to low performance of the innovation
system, i.e. low innovation intensity of a certain category of
innovations, for which the direct objective is high intensity.
In order to be able to design innovation policy instruments
to mitigate the problems identified, it is also necessary to
know the most important causes of the problems identified.
These causes are related to the activities or determinants of
the development and diffusion of innovations. The instruments
are also related to these activities as outlined in the Matrix
presented in Section 4.

Hence, the identification of the problems and their activity-
related causes should be the basis for the selection of policy
instruments. The combination of instruments is a crucial part of
the innovation policy: “innovation policy is what its instru-
ments are”. Some might be instruments created ex-novo, but
in most cases, instruments are changed and adapted to new
problems, and combined with other instruments to address the
problems.
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Rarely are innovation policy instruments ready or “prét-
a-porter” for the task at hand. Most of the time, if not always,
policy instruments must be designed, re-designed, and adapted
to the specific problems in the innovation systems and their
uses. Instrument design can change over time according to
changing preferences, changing objectives, and changing
problems in the innovation system.

Each policy instrument is unique. Even if some policy
instruments are similar in their ways of defining and ap-
proaching a problem, there will always be substantial differences
not only in terms of the concrete details of how the instrument
is chosen and designed, but also in terms of the overall social,
political, economic and organizational context in which the
instrument is applied.

This article also argues that the design and implementation
of systemic innovation policy depends on the extent to which
innovation policy instruments are defined, customized and
combined into instrument mixes that address the ‘problems’
related to the activities of the system. Policy instruments on
their own are not systemic unless combined into mixes that
address the complex and often multi-dimensioned nature of
innovation.
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