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The landscape of science is changing radically.
In particular, there is increasing heterogeneity
of actors, research sites, knowledge and net-
works. Science policy-makers have to respond
to these changes, but heterogencity makes it
more difficult to impose own goals on the re-
search system. Yet, if the dynamics in and of the
system are understood, other policy approaches
become possible. Here two important systemic
aspects of research systems — ‘steering’ (the
extent to which the system is sensitive to at-
tempts of a principal, generally the state, to
implement own objectives) and ‘aggregation’
(the organisation of processes of agenda-
building within the system) are introduced. It is
arguced that, because of the changes in science,
a post-modern research system is both possible
and desirable in which aggregation is favoured
over steering.
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FrVHE TERM ‘RESEARCH SYSTEM is of the
|| late 20th century, and was uscd first in science
policy. The OECD (Organisation for Eco-
nomic Co-operation and Development) studies of “the
rescarch system’ in the carly 1970s built on a way of
speaking and thinking that was already common then
(and can also be scen in the country reports produced
by OECD since the late 1960s). These studies pursued
their descriptive and diagnostic goals without explicit
conceptualisation of what a ‘research system’ would
be.!

‘Systems’ terminology 1S now common 1n Sclence
and mnovation policy analysis, but still without real
theorctical and empirical claboration. This 1s, we
think, amissed opportunity, not just intellectually, but
also for policy. Analysis of long-term developments
of systems, combined with synchronic analysis of
functioning of systems (in diffcrent countries) allows
diagnosis at a decper level,

This is all the more important because of far-
reaching and radical changes in scientific research, its
organisation and linkages with socicty, and the help-
lessness of policy actions in the face of these changes.
Policy-makers need not feel helpless, but we would
characterise the bravura of short-term assertive action
without understanding long-term dynamics as de

facio helplessness.

A key feature of these changes is the mncreasing
heterogencity: traditional categories such as “basic’
and ‘applied’ research cannot be used any more,
institutional locations of basic research such as uni-
versities take up other functions, while industnal
research. and new actors such as consultants and
environmental centres are contributors to new
knowledge; disciplinary demarcations are becoming
obsolete, and the frontier of the advancement of
knowledge lies with new combinations; rescarchers
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and research products move about in much broader
networks: new actors get involved in the research
system.

In this paper, we will not address the issuc of
transformation of rescarch systems directly. Instead,
we shall explore the potential of the ‘systems’ ap-
proach, introduce a conceptual frame for empirical
comparisons, and only after this detour discuss the
way research systems are responding to increasing
heterogeneity.

We shall compare the (national) research systems
of seven industrialised countries. Nelson has noted
the dangers of comparative studies (in his case, of
national innovation systems) “in the absence of a
well-articulated and verified analytic framework™ .’
The first aim of the paper is thercfore to develop the
concept of a (national) research system so that such a
framework can be formulated.

The second aim 1s to locate the (seven) countries
studied here on a map, and discuss the transitions
involved 1n responding to heterogeneity. In fact, we
will argue that a more distributed, but still coherent,
research system is viable, and call this a post-modern
research system. Despite the difficuliies such a sys-
tem will present to policy-makers intent on central-
1sed control, going along with the heterogeneities is
to be preferred over attempts to reduce the complexi-
ties by imposing a “master story’ on the research
system.

Potential of (national) systems approach

The concept of a “national system of novation’
allows us to discuss the possibilitics (and missed
opportumities) of a systems approach. Since 1ts intro-
duction by Freeman in the 1980s,* the concept of a
national system of innovation has been used descrip-
tively by policy analysts to enumerate the institutions,
procedures and their functioning deemed to be rele-
vant for innovation n a particular country. Thus, the
concept functions as a checklist. This can be a useful
exercise, but we should check for actual systems
character. If the 1tems on the checklist are not inter-
dependent parts of a system, it makes no sense to
attribute performance measures to the presumed
national system of innovation.

When there are good reasons to assume the systems
character, there is still the pitfall of a functionalistic
view: that is, the view of an institutional set-up some-
how geared toward innovation. There is no inherent
purpose of the overall system to work towards inno-
vative performance (or to some other goal). We have
to inquire into the specific processes and mechanisms
that make a system morc or less productive.

[n a more inductive route, comparative studies can
be used to find out about differential productivity of
systems. Again, without adequate conceptualisation
of processes and mechanisms, we are condemned to
inferential reasoning of the form: if performance is
high m country X, and low in country Y, a difference
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It is the interplay of factors and the
overall set-up of the system which are
decisive, so the conceptualisation of
systems and their functioning has to
include characteristics at the system

level

in the institutional set-up is sought for, and the differ-
ential performance attributed to that aspeet. Whether
there is indeed such a relation remains unclear, This
is why Nelson pointcd out the dangers of such quick
comparisons,”

It is the interplay of factors and the overall set-up
of the system which are decisive. So the conceptual-
isation of systems and their functioning has to include
characteristics at the system level.

Monitoring and assessment

[tis perfectly understandable that policy-makers want
to monitor and assess the functioning (or quality, or
health) of the system from the point of vicw of inno-
vation-orientation and innovative performance (not
only of firms), and want {o usc the concept of a
national innovation system for that purposc. ldcally,
a theory or a model 1s then needed of what 1s neces-
sary/conducive to innovation. Not for particular imnno-
vations, where there 1s a mass of casc-study and
comparative literature to butld on, but for an overall
system, and what we might call a functioning infra-
structure for mnovation.

Freeman, who introduced the concept, and Lund-
vall, who elaborated it, emphasiscd the historical de-
velopment of national systcms of innovation, and saw
this as one of the explanations for the performance of
a country ® Implicitly, they refer to a competence that
1s built up and maintained over decades. Country
studies often highlight this, but with ad hoc concep-
tualisations.” For firms, a number of authors have
cmphasised their (dynamic) organisational compe-
tency as a key factor in explaining performance ?

Broadening this notion and adding institutional
competencies, we can view industrial or scctoral
structure, 1 the structure—bchaviour-performance
paradigm of industrial ¢conomics,® similarly as a
competence, though one not carried by an identifiable
actor.'® Broadening the notion further, we can intro-
duce competence at the level of countrics, at lcast for
their rescarch/innovation system, and ask what the
nature of this competence must be to let the re-
search/innovation system function and perform well.

Saciological approach

For national innovation systems, a theory or modc:
specitying the naturc of such competence is not
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available yet. The inductive route followed by
Nelson’s team in their country studies did not lead to
articulation of a proto-theory. The ‘knowledge sys-
tems” approach has remained at the level of an ‘ac-
counting system’, or a checklist type of approach.!!.12

A more sociological approach is to see systems as
evolving mutual interdependency systems.!3 Interde-
pendencies dcfine what is part of the system, rather
than standard items on a checklist. In stable situations,
interdependencies have crystallised out and a check-
list approach may be acceptable — if actors and/or
analysts have arrived at an adequate list.

In times of change, the nature of interdependencics
and boundaries evolve, and it is dangerous to use a
standard classification. Think of how software inno-
vation does not yet appear in R&D and patent statis-
tics, while analysts have been drawing attention to this
question for some time.'* Actors may disagree about
what properly belongs to the system; with globalisa-
tion there are real problems of interdependency.

The interdependency approach is additionally im-
portant bccause it highlights the by now well-
recognised fact that linear causality (factors X, Y and
Z leading to high performance) will be the exception,
rather than the rule. The implication 1s that the
productivity of processes has to be sought In
couplings and feedback loops rather than in features
of the processes by themselves (compare the chain-
link models of innovation and the overall analysis in

OECD (1992)'5).

Preparing the ground

This brief discussion of the concept of a national
system of innovation and a proto-thcory of its per-
formance preparcs the ground for our analysis of
(national) research systems.

One immediate point is that, compared with the
working definitions as in QECD (1972),!6 sociologi-
cal aspects should be included. If research systems arc
mutual dependency systems they will include not just
the organisation of scicnce, but also ongoing scien-
tific work, 1ts results and their *cognitive mnstitution-
alisation’, scientific communities, reward systems
and so on. That the boundaries of such a ‘research
system’ arc not static, but relate to evolving depend-
encies, 18 clear from the example of industry (indus-
trial rescarch as well as spokespersons for industry),
which may now wecll be included n the rescarch
system to some extent. Similarly, patient associations
have become actors in rescarch policy and sometimes
also 1n organisation and management in the medical
research sector,

A second, related point 1s that the working of
research system(s) differs across scientific fields and
societal sectors, as well as across countries. It will not
necessarily be a national research system. National
boundaries arc important for resource relationships,
organisations and policy-making, but there arc other
interdependencies as well, with scientific fields and
with intemational organisations. So whether there 1s
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a national research system, is an empincal question.

A third point 1s that the research system, as a
system, 1s not given as such, but always an outcome
of interactions (including conflicts) and evolving 11~
stitutionalisation. Particular features of research sys-
tems should then not be reified into “factors’, and
comparisons should be made at the level of system
features rather than specific factors that are present or
absent.)’

In this article, we attempt to identify such system
features and use them for comparison and further
analysis. We focus on the nature and functioning of
(national) rescarch systems, and go into questions of
pcrformance only when discussing viability of re-
scarch systems m a changing world.

Modern (national) research system

(National) rescarch systems consist of research per-
formers (individuals, groups, institutions), other org-
anisations and institutions, intcractions, processes
and proccdures. Their systemic character, as mutual
mterdependency systems, is predicated on the collec-
tive character of the scientific endeavour, and on the
role of the modern state which has created the
‘nattonal’ character of these systems.

Here, we formulate two historical-causal hypothe-
ses to capture the systemic features of the historical
cvolution, and we draw out two clusters of mmplica-
tions. While we will not go into detail here, the
hypotheses and their implications can be filled in with
sufficient historical and sociological materials to
show their plausibility.

Hypothesis |

The collective character of the scientific endeavour
can be specificd as self-organising science in contexdt,
that is, a combination of ‘researching’ on location,
‘scicneing’ in cosmopolitan ficlds, and “politicking’
and other resource mobilisation,'® and mcludes aggre-
gation processes in relation to contexts.

There are two main aggregation processes. The
first relates to scientific communitics and includes
organised scepticism, paradigm development and re-
scarch agenda-building. The second relates to

The two main aggregation processes
are: scientific communities which
includes organised scepticism,
paradigm development and research
agenda-building; and sponsors and
external audiences inducing further
agenda building and relevance
articulation
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sponsors and external audiences (the state 1s one
example, and by now an important one) which induce
further agenda-building and relevance articulation, In
both cases, local, contingent and tentative items are
combined and seclectively transformed into compos-
ites or aggregates with a cosmopolitan character.
Such an aggregation process can be bottom-up, but
may also be induced by other parties.!”

Aggregation processes are supported by a socially
distnbuted infrastructure of institutions and proce-
dures, which itself will evolve and differentiate in
relation to important contexts. Thus, there is a social
component of aggregation as well: people and insti-
tutions become aggregated into collective actors with
their own voice. 2

Hypothesis 2

Since about 1870, incentive structures for resecarch
performance have been created by (then emerging)
modern national states, intentionally or as a side-
effecct of other measures (for instance, in higher
education). It was this intervention in (or collusion
with) self-organising processes of science which cre-
ated the typical modem national research systems.

The terminology “incentive structure™ is derived
from principal-agent theory, but actors need not think
in those terms. In fact, some of these incentive struc-
tures were proposed and put into place by the agents
— the scientists. The de jfacro incentive structures
often institutionalise, or are set up as institutions in
the first place (think ofthe big government-supported
rescarch institutes established in the late 19th
century). -

The important point s that these incentive struc-
tures do not disappear, but add up to an institutional
landscape that enables and constrains the actors in
their behaviour and eventual performance. This land-
scape also constrains the principals; new measures
have to fit into what 1s out there alrcady, or modulate
It, or translate 1t.2!

The two hypotheses together sketch a picture of
evolving institutional landscapes and the com-
petences embedded in them, which make up rescarch
systems with a national character. This picture is
detaled further by drawing out two clusters of
implications.

First cluster of implications

After 1870, institutions, groups and activitics with a
national scope become important in science. Science
(1n the sense of the performance of research, as well
as the research products delivered, and the issue of the
‘health” of what 1s now sometimes (inaccurately)
called the science base) becomes important for the
national state. The increasing interdependencies lead
to the articulation and stabilisation of modem re-
search systems with national scope; one indicator is

the emergence of something like a national scientific

community.??
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In the modem research system, new types of
mstitutions, such as research councils, become
established; they mediate between science and the
state, and reinforce the national aspect. As one com-
mentator noted: research councils are “both a govern-
ment bureaucracy and a parliament of the scientific
community’?? -— but this is a nationally defined
scientific commumty.

Second cluster of implications

While specific actors, for example, i industry, in the
health sector, and individual government agencies,
interact directly with search practices and research-
performing instifutions (this can have unintended sys-
tem-level effects), the modem state influences the
system directly (even if it does not always recognise
where its actions will lead to). An important effect has
been the emergence of an intermediary level, between
the state, and research-performing mstifutions and
ongoing research.

The intermediary level becomes increasingly
populated (and this takes different forms in different
countries). Research councils arc now a prominent
inhabitant of the intermediary level, but not the only
one, Advisory bodies, programming bodies, standing
review panels, are also intermediary in two senses:
they mediate between state and performance of re-
secarch, with only delegated authority at best; and they
experience dual allegiance, to the state and to relevant
scientific communities.** Note that actors at the inter-
mediary level need not be established by the state;
associations of research-performing institutions and
other collectives move at this level as well.

To speak of intermediary bodies as inhabiting a
level indicates that this level is a system feature, with
its own dynamics, and by now, a relative autonomy.
The intermediary bodies, because of their relative
independence from the state as general sponsor, can
act as principals themselves, trying to get research
performers to do what they want (even if what they
want may be denved from the goals of the state). A
further implication, important for our later argument,
1s that other generalised sponsors may induce further
aggregation processes and research to go with it; the
increasing importance of ‘industry” is one example.

Mapping modern research systems

The mstitutional landscape of modern research sys-
tems and their functioning can now be characterised
along two dimensions. Forthe first dimension, we use
the label steering, because 1t relates to attempts of the
state, as a principal, to have scientists and scientific
communities work towards goals of the state. As a
dimension, 1t does not refer to specific attempts at
steering, and to the various analyses of science and
national goals or national priontics, but to systemic
features. The residues of such attempts, in institu-
tions, linkages and pattemns of behaviour, constitute
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