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This paper presents an analytical framework for the comparative analysis of National Research Systems.
We follow evolutionary accounts of the research system in combination with insights from functionalist
economics of innovation and organisational theorists. We also illustrate the potential use of this frame-
work by applying it to an analysis of the Chinese research system’s transformation between 1980 and
2005. During this period, this system is considered to have gradually changed from a centrally planned
system to a mixed model. This implies a move in the direction of a ‘perfect market ideal type’. The
increased performance of the overarching functions of the research system can be partially explained by
these institutional changes.
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1. Introduction

The main aim of this paper is to develop and apply a novel ana-
lytical framework for the comparative analysis of research systems.
This framework can be used for cross-country-comparative anal-
yses of research systems. Instead, this framework is used to guide
an analysis of the transformation of the Chinese research system in
the period 1980-2005. China is an interesting case because, in the
early 1980s, it approached the ‘centrally planned ideal type’, dis-
cussed further in the theoretical section. Twenty five years later, it
may still have some of these features, but it has moved towards the
‘perfect market ideal type’. It is now at an intermediate position in
which it shows a mix of features from both types. The framework
introduced in the next section, allows us to track this development
over time across several functions, which are considered character-
istics of research systems. The paper builds on an analysis which
was presented in Jonkers (2010). It is limited to public sector (basic
and applied) scientific research.

2. Analytical framework

The framework developed here builds on institutional analy-
ses of the research system which adopt evolutionary perspectives.
Researchis understood as a socially based activity which takes place
in a complex multi-layered institutional context.
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The complex of institutions, which together govern the intel-
lectual organisation of science, is closely related to the cognitive
context in which a scientist operates. It consists of a complex of
market-like institutions governing the allocation of credit to actors
according to the perceived quality and usefulness of their knowl-
edge claims. A second set of institutional forms governs the societal
support and regulation of research. This complex of institutions is
related to the material context in which researchers operate; the
relationship between the research system; and the other subsys-
tems of a society which supplies these material resources (Whitley,
2000).

It is the societal organisation of research; the National Research
System, that is at the centre of this paper, although reference is
made to the closely related national and global scientific communi-
ties, where scientists exchange knowledge claims for recognition.
Apart from being part of a scientific community, researchers are
also employed by a professional work organisation (Whitley, 2000).
These organisations commonly include a mix of universities and
public sector research organisations. Together these organisations,
and the organisations that coordinate their activities, form the
National Research System. Following Van der Meulen and Rip, 1998
fourinterrelated levels are identified in National Research Systems:
the operational level of research groups; the organisational or man-
agement level; the strategic level of research funding organisations;
and the policy-level of government actors. The latter formulate the
main political, social, and economic objectives and decide on the
topics of science and technology policies.

It comes as no surprise that a country’s absolute and relative
public and private expenditures on scientific research, as well as
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the size and average educational attainment of its population, are
reflected in its scientific output. Differences in the performance
of research systems, however, cannot be reduced to differences in
publicinvestment, human capital, or other inputs alone. Qualitative
differences between research systems are also thought to influence
their relative performance. The institutional cum organisational
set-up of National Research Systems are the result of historically
rooted trajectories of growth that are strongly intertwined with
the overall economical, social, and political development history of
the respective countries. As a result, all nations differ not only in
the respective mix of their scientific knowledge base, but also in
the institutions that govern the societal organisation of research in
their national systems.

These differences exist at all four levels of public sector research
systems as well as with the interaction between actors at these
levels. Governments differ in the extent to which they exert active
control over the direction of research, their motivations for, and
the size and nature of their funding of research. National systems
also differ in the nature and the ‘ecology’ of intermediary organ-
isations (Van der Meulen and Rip, 1998). At the level of research
organisations, there are differences in the ‘ecology’ and respective
roles of different kinds of public research institutes and universities.
The nature of these organisations also differs between countries, in
terms of their management and evaluation of the research units
within them. At the operational level differences exist in the rel-
ative degree of power invested in research chairs, the freedom of
these and other actors to decide the direction of their research, and
the freedom and opportunities for generating research funding.

National Research Systems have previously been compared
on the basis of their organisational set-up. This is not the (sole)
approach taken here. Instead, systems are compared on the basis
of systemic institutional characteristics. The approach taken draws
on the recent literature that introduces the functional analysis of
innovation systems (McKelvey, 1997; Liu and White, 2001; Hekkert
etal.,2007; Bergek etal.,2008). Such a framework not only captures
the structural characteristics and dynamics of a research system,
but also the dynamics of a number of key processes or functions
that directly influence the development, diffusion and use of new
scientific knowledge. Therefore it can be used to capture the overall
performance of the research system (Bergek et al., 2008). A general
definition of a system is a ‘group of components (agents, institutions,
networks) serving a common purpose, i.e. working towards an overall
function’ (Carlsson and Stankiewicz, 1991; Bergek et al., 2008). For
research systems, this overall function is the development, diffu-
sion and utilisation of new (scientific and research management)
knowledge (adapted from Bergek et al., 2008).

The functionalist classifications used in the systems of inno-
vation literature are not directly applicable to an analysis of the
research system, because the functions relevant to both types of
system differ. While recent analyses of the research system do not
directly take a functionalist approach this paper does draw on the
typology offered by Rip and Van der Meulen (1996). They classify
research systems according to two dimensions, namely the degree
of ‘steering’ and ‘aggregation’. Rather than using these dimensions
directly the framework proposed in Fig. 1 includes the function
‘influence on the direction of research’ which is used by Bergek et
al. (2008) albeit differently. Whitley (2003) uses two overarching
characteristics to classify research systems; the degree of intellec-
tual pluralism and the intensity of reputational competition. He
later expands this by explaining how four institutional features:
‘the degree of state delegation of resource control to researchers’;
‘the degree of centralisation of decision making within employment
organisations; ‘the degree to which there is a strong and stable hier-
archy of research organisations’; and ‘the degree of organisational
segmentation of goals and careers’, impact on these characteris-
tics. The institutional features as identified by Whitley and the

two overarching characteristics of research systems, inform the
development of the functionalist analytical framework described
in the next section. The fact that the nature and overall func-
tion of research and innovation systems differ, does not mean it
is impossible to draw lessons from the functionalist innovation
literature. Following the evolutionary classification of innovation
systems proposed by McKelvey (1997) it can be argued that the
main relevant functions of both research and innovations systems
revolve around the generation of novelty, selection mechanisms as
well as the retention, absorption and diffusion of new knowledge.

The creation of new knowledge in the research system is related
to the availability of research infrastructure, the presence of highly
skilled manpower and a suitable organisational structure which
supports and promotes the generation of new scientific knowledge.
At the intermediary level, the generation of knowledge is closely
tied to the way resources are allocated. As Whitley (2003) indi-
cated, the level of control over the distribution of resources and
the direction of research both between levels of the research sys-
tem and within research organisations, can also have its impact
on creativity. Novelty generation also takes place at the level of
research organisations, through the introduction of new organi-
sational forms which can be more apt at performing functions of
the research system. The set up of new (sub-) organisations can
also have its impact on the hierarchy between research organ-
isations mentioned by Whitley (2003). The resulting ecology of
research organisations and the degree of variation between the
organisational forms operating in the research system, may also
be important.

Evaluation can lead to the selection among alternative knowl-
edge claims and the research programs that build on them, among
individual researchers and even among (sub-) organisations. The
selection functions are often closely tied to the intellectual organi-
sation of science in most research systems. New knowledge claims
are exchanged for credit in the national or global scientific com-
munity. Evaluation mechanisms of research organisations and
individuals tend to draw on this process either through assess-
ments of the visibility of knowledge claims or through the use of
peer review. In some research systems, this process relies primarily
on the local scientific community. Others draw on the evaluation
by peers working around the world. Scientific quality criteria are
not the only factors influencing the evaluation process. Closeness
to policy circles and/or the contribution to non-scientific objectives
(e.g. industry, policy making) can, in some research systems, have
an important influence on evaluation mechanisms. The degree of
selection among alternatives can be more or less extreme — depend-
ing on its influence on resource allocation decisions.

A third central function of the research system revolves around
the retention of scientific knowledge, its absorption and diffusion.
Diffusion depends on the nature of: local scientific networks and
inter-organisational mobility; international cooperation; collabo-
ration; mobility; the training of new scientific manpower and the
interaction with other subsystems of the innovation system (edu-
cation, industry, government administration).

Apart from the identification of the relevant structural elements
(networks, actors and institutions) this paper focuses on the func-
tions introduced in Fig. 1 to analyse the transformation of aresearch
system. This figure provides a framework for the functionalist clas-
sification of research systems by placing them on a continuum
between two extreme poles (ideal types) across seven dimensions.
Apart from the comparative analysis of different research sys-
tems, the framework can also be used for a comparison of a single
research system, at different points in time (see also Liu and White,
2001). This paper uses the latter approach.

It is clear that the functions shown in Fig. 1 overlap consid-
erably. Consider, for example, the ‘openness of the system to the
global scientific community’. Indirectly this function has an impact



Functions

Locus of control on the
direction of research

Centrally planned

ideal type
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Perfect scientific
market ideal type

Organisational
variation and novelty
creation

Agency concentrated in very few
hands, coupled to central command
structure

In principle agency is
concentrated in actors at the
operational level.

Dominant funding
mode

Little organisational variation,
relatively static in terms of new
organisational forms

extreme degree of
organisational variation and
frequent set up of new
organisational forms

Block funding

Competitive project funding

Evaluation

Strong influence policy making
level, reliance on internal
scientific community

Strong reliance on global
scientific community

International
orientation

Local diffusion of
knowledge in research
system

Parochial; isolation from the
international scientific community,
no international mobility

High degree of spontaneous
international cooperation, high
degree of international mobility

Hierarchical structure with few
lateral inter-linkages which are
coordinated by actors at “higher”
levels of the research system. No
inter-organisational mobility

extreme degree of spontaneous
extramural cooperation, extreme
degree of inter-organisational
mobility

Diffusion to other IS
subsystems

Hierarchical structure with very
few lateral inter-linkages which are
coordinated by actors at “higher”
levels of the research system.

Highly interactive structure, no
barriers to the formation of
relationships between organisations
in SI subsystems. Interactions occur
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when this is profitable in terms of
visibility or resources

Fig. 1. The classification of research systems across seven functions.

Adapted from Jonkers, 2010.

on evaluation procedures, e.g. through international peer review
and the use of international citations indices. It could also affect
organisational variation and novelty creation, since institutional
learning from other countries may be easier in a system that has a
larger international orientation. The influence on the direction of
research depends partially on the extent that global science influ-
ences local research agendas. Even local diffusion, and diffusion to
other SI subsystems, can be influenced by international orientation.
For example, research organisations employing scientific experts
which are integrated in the global scientific community, can per-
form a gatekeeper role for both the local science system as well as
business and higher education.

What is not included in this schematic functional classification
of research systems is the overall function of the creation of
new scientific knowledge. Neither are the secondary overarching

functions related to the research system’s potential positive impact
on technological innovation and economic activity, as well as the
training of human scientific and technological capital (Bozeman
and Mangematin, 2004). The reason for excluding these central
functions in Fig. 1 is that as the main dependent variables they can
be used to measure the output of the system in terms of the produc-
tion and visibility of new knowledge claims. While there is some
ground to assume that centrally planned models do not perform
well at the creation of new scientific knowledge, the ‘perfect sci-
entific market ideal type’ may not fare any better. Considering that
most research systems in OECD countries have a mixed model lying
somewhere between the two extreme poles, one could assume that
such a mix offers a better outcome. Whether mixed systems that
lie closer to the ‘centrally planned pole’ vs. those who are closer to
the ‘perfect market ideal type’ fare better on this overall function
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is an empirical question. In general the more competitive systems
are thought to be more amenable to intellectual pluralism and
creativity, than the more centralised ones (Whitley, 2000, 2003).

3. Methodology and sources

The paper will engage in an analysis of the transformation of the
Chinese research system. It starts by analysing the starting position
of this system across the seven functional dimensions introduced
in Fig. 1. In describing this starting position in the early 1980s, it
will provide some limited historical background on the building up
of the centrally planned research system in the 1950s; early 1960s;
and the period of turmoil which followed during the Cultural Rev-
olution. This is important because the features of a research system
are the result of historically rooted trajectories of growth. Second
and third, it will provide diachronic analyses of the main changes
introduced in two time periods 1986-1995 and 1996-2005 and
the way in which these changes are related to the functions intro-
duced in Fig. 1. The two ten year time periods under consideration
coincide with important periods in the Chinese policy cycle.

The first period coincides with that of the 7th and 8th five year
plans. The second with the 9th and 10th five year plans. In the first
of these five year plans (the 7th and 9th respectively) Chinese S&T
planners have outlined comprehensive new sets of measures and
goals. The first five years are, therefore, characterised by the imple-
mentation of new changes. These are then developed in more detail
during the remaining ten year period. In 2005-2006 a new period
started which aims were outlined in the 11th five year plan and the
medium to long term S&T development plan which sets aims for
the year 2020 (Cao et al., 2006). At the time of writing it was still
unclear how the announced measures will be implemented and
what their effects will be. The discussion of this period is therefore
limited in scope.

The substantive part of this article draws on existing literature
on the development of the Chinese research system. It consciously
avoids presenting a large amount of available historical data that
is unnecessary for the argument. In addition to scientific litera-
ture, it uses data collected through interviews with scientists and
officials in organisations at different levels of the Chinese research
system. This includes ministries, the research council, universities
and the Chinese Academy of Science (CAS). It draws both implicitly
and explicitly on background and statistical data produced by the
Chinese National Bureau of Statistics; the Ministry of Science and Tech-
nology; the Ministry of Education; the Chinese Academy of Sciences;
and the National Science Foundation of China. Finally it uses informa-
tion from publications in the Chinese media and background and
news articles published in scientific journals.

4. The transformation of the Chinese research system

4.1. The starting position; locus of decision on the direction of
research

In the 1950s, the Chinese research system was remodelled on
the Soviet system. The CAS had ministerial status. Like its Soviet
counterpart, it was the central national administration agency
responsible for the organisation of scientific and technological
research (Suttmeier, 1974). Both the CAS and leading scientists
asked for a greater level of scientific autonomy and resources. How-
ever, actors at the policy and political level had a strong influence
over both the planning as well as the content of science (Wang,
1993).In this period, some strands of scientific research were under
attack in the Soviet Union. Under this influence, relativity theory,
quantum mechanics, resonance theory, mathematical log c and cos-
mology were all, at one point, discarded because they were deemed

to be incompatiable with communist/maoist ideology. Lysenkoism
(called Michurianism in China), maintained a considerable influ-
ence on biological and agricultural research, even after it had been
discarded in the Soviet Union (Wang, 1993; Schneider, 2003).

4.2. The starting position; variation in research organisations

The 1950s saw a reduction in the variation of scientific research
organisations. The CAS institutes were primarily responsible for
conducting basic research. Before the communist revolution, uni-
versities also had an important research function. But in the new
systemic constellation their mission was limited to higher educa-
tion. As discussed by Schneider there were occasional exceptions
in this respect (IDRC, 1997; Schneider, 2003, Cao, 2004). Mis-
sion oriented ministries started to establish other academies for
applied research in health (the Chinese Academy of Medical Sci-
ence), Agriculture (the Chinese Academy of Agricultural Science),
etc. Provincial and municipal governments also supported their
own academies and universities (Wang, 1993, Cao, 2004).

4.3. The starting position; resource allocation, and the main
funding mode

The work units (‘dan wei’) which employed researchers con-
trolled most of the social, political and economic aspects of their
researcher’s life. These work units received block funding through a
non-competitive allocation process. In theory, the work units guar-
anteed their employees lifelong employment. Both Yu (1999) and
Schneider (2003) argue that this mode of funding resulted in con-
siderable waste, redundancy and a general lack of responsiveness
to the changing needs of the scientific community. In addition to
block funding research institutes also receive part of their funding
through government planned research projects which were often
decided in the five-year national economic plans (Xue, 1997).

4.4. The starting position; Evaluation

In the early 1980s there was little in terms of systematic eval-
uation of programs, research organisations or individual scientists.
In this period there were some reviews by foreign experts. The sys-
tem of national and provincial level awards for researchers who
made an important contribution to, for example, agriculture, was
re-established after being abolished during the Cultural Revolution.

4.5. The starting position; international orientation

During the 1950s, the Soviet Union was the main foreign source
of scientific knowledge, expertise and influence. Scientific articles
as well as textbooks were translated from Russian (Harlan, 1980;
Wang, 1993; Schneider, 2003). After the two regimes fell out in the
late 1950s; early 1960s; the Chinese leadership promoted autarky
in science. This resulted in even weaker relations to the interna-
tional scientific community. Contact with foreigners, even the use
of foreign knowledge, was met with suspicion. During the Cultural
Revolution the increase in the repression of intellectuals, including
many scientists, further isolated Chinese research (Wang, 1993;
Schneider, 2003).

4.6. The starting position; Local diffusion of knowledge in
research system

Funding was allocated to work units rather than to individ-
ual scientists. Also in many other ways these work units had a
great degree of control over the life of their researchers. As a
result, they often developed a sense of ownership over their work-
ers. Schneider (2003) argues that this feeling of ownership could
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extend to the researcher’s field of expertise and even to specific
research questions. The work unit system in combination with
other elements of the centralised nature of the research system,
led to a lack of inter-organisational mobility as well as spontaneous
extramural interaction between research organisations (Schneider,
2003). Extramural collaboration did occur, but often in a centrally
planned fashion. In the late 1950s and early 1960s, large numbers
of researchers were mobilised to target specific topics of national
interest. Eye-catching examples of this includes the development of
atomic bombs and satellites (Wang, 1993). These achievements are
still often referred to as examples of achievements of the centrally
planned research system.

4.7. The starting position; interaction with non scientific users

As was the case in the Soviet Union, the ‘innovation’ system was
characterised by hierarchical planning and functional differentia-
tion between organisations responsible for basic research, applied
research, product development and higher education (Xue, 1997;
Liu and White, 2001; Sigurdson, 2002). In the later 1950s the CAS
had been complemented by the State Science and Technology Com-
mission (SSTC). This commission was mainly responsible for applied
research and technological development. It was intended to con-
trol and coordinate the interaction between organisations in the
different segments of what today is referred to as the ‘national
innovation system’ (Wang, 1993). Between the 1950s 1980s the
transfer of knowledge from public research institutes to production
oriented enterprises was limited due to their functional separation.
State owned enterprises also had limited R&D capabilities and few
incentives to engage in R&D (Xue, 1997).

4.8. The starting position; ideal type

Before the Cultural Revolution and still in the early 1980s the
research system thus approached the ‘centrally planned ideal type’
introduced in Fig. 1. Of course this centralisation was not complete.
For example, provinces and municipalities became active in fund-
ing and coordinating research in their own research academies and
institutes. The existence of several potential patrons could have
offered researchers some more leeway to influence the direction of
research (Berry, 1988). Research funding at the provincial level was,
however, mainly restricted to applied research and technological
development.

4.9. Period leading up to the transformation process

The Cultural Revolution resulted in a large upheaval of the
research system. The R&D budget suffered radical cuts (the 1967
budget was 15% of what it had been in 1965). The CAS lost its
ministerial status and much of its influence and research insti-
tutes. The SSTC was disbanded. Universities and research institutes
were closed. Scientists suffered severe forms of harrassment. They
and prospective students, were sent to the countryside to be
‘re-educated’. There was minimal scientific autonomy and most sci-
entific research grounded to a halt (Suttmeier, 1980; Wang, 1993;
Cao, 2004). When scientists were again allowed to publish, both
scientific praxis and content were subject to strong political and
ideological influence (Wang, 1993; Cao, 2004). Scientific autonomy
remained minimal as was the role of the scientific community in
quality control and resource allocation. These resources had suf-
fered radical cuts (Wang, 1993). Universities were closed in 1966
and when they re-opened in 1973, curricula and the selection of
students emphasised ideology above academic training (Cao, 2004;
Hayhoe, 1996).Only in 1978, did the Chinese leadership rehabilitate
scientificresearch and scientists at the ‘Second National Conference
on Science and Technology'. It gave a central place of the moderni-

sation of the research system in the modernisation of agriculture,
the military, industry and the economy (the four modernisations).
Despite ambitious plans, repairing the damage which the Cultural
Revolution had inflicted upon the research system, characterised
the initial years. Both the Chinese leadership and the scientific
community realised, however, that the ‘centrally planned research
system’ had important systemic weaknesses which needed to be
addressed (Wang, 1993; Suttmeier and Cao, 1999). In the early
1980s, the government started a gradual transformation of the
research system. This is discussed in the following sections.

4.10. The first period of transformation, resource allocation, main
funding mode

In the early 1980s, the CAS experimented with aresearch council
for the distribution of funding. Its motivation for this was to coun-
terbalance the new focus on applied research. In the mid 1980s the
Natural Science Foundation of China (NSFC) was set up on the basis
of this experiment (CAS, 2002a). The NSFCis a ‘pure’ research coun-
cil, which allocates project funding on a competitive basis, after an
open bid for proposals. It follows a relatively strict process of peer
review. In its organisation it was modelled on its Western counter-
parts such as the US National Science Foundation (Schneider, 2003;
Cao, 2004). Its budget increased rapidly over the past 20 years from
80 million RMB in 1986-2.7 billion RMB in 2005 (NSFC, 2005a; NBS,
2006). This corresponds with an annual increase of approximately
20%. It is important to realise, however, that the value of the RMB
did not stay the same throughout this period. The establishment of
the NSFC and the rapid growth of its budget resulted in:

e Greater scientific autonomy: the control of the scientific commu-
nity over the direction of research increased.

® An increase in the relative share of competitive project funding
at the expense of block funding.

e The gradual re-establishment of scientific research capabilities in
universities which are among the main recipients of NSFC funds
(NBS, 2006).

Another major development in the mid 1980s was the estab-
lishment of another mechanism for the allocation of competitive
project based funding. The high technology development or ‘863
program’ was established in response to the American, European
and Japanese large scale strategic funding programs from the 1980s.
The main aim of the 863 program was to prevent China from loosing
connection with the developed world in ‘high-tech’ sectors. Even-
tually it was meant to allow for a ‘catch up’ in priority fields of
research and development (Suttmeier and Cao, 1999; MOST, 2003).
The program was coordinated by the re-established SSTC. In 1998,
the SSTC was replaced by the newly established Ministry of Science
and Technology (MoST). In comparison to the NSFC, non-scientific
administrators have a relatively large role in the setting of priori-
ties and the selection of projects in the 863 program. However, to
a lesser extent, peer review also played a role in the allocation of
funding. Some analysts argue that considering the broad scope of
the 863 program, it was characterised more by an attempt to be
inclusive than by its stated aim of concentrating resources in a few
priority areas (Wang, 1993; Suttmeier and Cao, 1999). 863 projects
are considerably larger in size than the average NSFC project. The
increase of the budget of the 863 program over the past decade was
slower than the NSFC budget, though still considerable size (NBS,
2001, 2006).

The increase in project funding resulted in a decline in the
share of block funding in the budgets of research organisations.
The government also reduced the block-funding of research insti-
tutes. It did so to force research institutes to look for other ways
of generating resources (IDRC, 1997; Suttmeier and Cao, 1999).
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For research institutes focused on basic research, the government
continued to fund their basic operating costs while the rest of
their operating costs and research funding would have to be raised
from other sources including the NSFC (Xue, 1997). Stronger cuts
were made in central government block-funding of research insti-
tutes engaged in applied research. These measures were used in
an attempt to enforce greater interaction between research insti-
tutes and enterprises as well as an attempt to foster productivity
through competition over resources. The responsibility for the allo-
cation of operating costs shifted from the Ministry of Finance to the
SSTC (and later MoST) which became the key coordinating body of
China’s research and innovation system (Xue, 1997).

4.11. The first period of transformation; variation in research
organisations

According to a 1987 review by the State Education Commission
(SEC) there were already universities with similar or better research
capabilities than research institutes. The SEC and its successor the
Ministry of Education, tried to strengthen these capabilities (SEC,
1987 in Liu and Jiang, 2001). In general, Chinese universities had
a strong orientation towards applied research and this was still
the case in the later 1990s (OECD, 2007). As discussed previously,
the NSFC played an important role in strengthening the research
capabilities of universities. Another mechanism to achieve this was
the establishment of elite sub-organisations in research universi-
ties and, to a lesser extent, in the institutes of the academies (see
among others Jin et al., 2005). In these sub-organisations groups of
researchers were clustered together around common research pri-
ority. The decision for the establishment of this system was made
in the mid 1980s. The first National Key Laboratories (NKL) started
operating in the early 1990s. These NKLs were equipped with up to
date research infrastructure. They also received some block fund-
ing for buying research equipment and to supplement the salaries
of their faculty members. The increasing importance of universi-
ties in scientific research resulted in a greater diversity of actors in
the research system. The management of research institutes and
universities was granted a greater degree of autonomy in the early
1990s. This led to a further diversification of organisational forms
(IDRC, 1997).

4.12. The first period of transformation; evaluation

The National Key Laboratories set up their own, internal eval-
uation mechanisms in response to the overarching evaluation
mechanisms announced for the National Key Laboratory system. CAS
institutes and universities also started more systematic reviews.
There was still little systematic evaluation of research funding pro-
grams in this period (OECD, 2007). There were some missions for
the evaluation of institutes and fields by foreign experts (see e.g.
Hamer and Kung, 1989). The evaluation of research proposals by
the NSFC relied primarily on peer review. Anonymous peer review
was problematic, however, because there were insufficient experts
and because of other practical reasons (for example computer soft-
ware which could handle Chinese characters only became available
in the late 1990s (Sandt, 1999)). The still relatively small number
of qualified reviewers in most fields, in combination with the rapid
growth in the number of applications, resulted in an overwhelming
workload.

4.13. The first period of transformation; international orientation

The reform process was characterised by an ‘opening up’ of
the research system to the global scientific community. Foreign
experts, often overseas Chinese, gave advice on the transforma-
tion process. Foreign intermediary agencies such as the US NSF and

the German Max Planck Gesellschaft also provided input (among
others CAS-MPG, 2004). A central part of the opening up pro-
cess was the strategy to send students and scientists for training
abroad and sponsoring visits to international conferences. From
the mid 1980s onwards self financed overseas study was also
allowed (Jonkers, 2010). Over the years the outbound flow of stu-
dents and researchers increased rapidly. During the 1990s it grew
exponentially before levelling off in the early 2000s (Zhang and
Li, 2002; Jonkers, 2010). Many of the overseas students chose to
remain abroad. This led to a considerable growth in the num-
ber of expatriate Chinese scientists (see also Jonkers, 2009). These
expatriate Chinese scientists were an important source of scien-
tific knowledge and institutional learning. For example, overseas
Chinese helped with the (re-)establishment of graduate and doc-
toral education during the 1980s (see e.g. Poo, 2004). They also
provided policy advice (see e.g. Hamer and Kung, 1989). Govern-
ment sponsored students and researchers and those who were
sent abroad by their research organisation returned in large num-
bers. These returnees were important in staffing and rejuvenating
Chinese research organisations. Several high profile returnees in
the late 1980s and early 1990s were given large responsibilities.
In the course of the 1990s, various governmental organisations
established programs to promote temporary or permanent return
of expatriate Chinese scientists (see e.g. Jonkers, 2008a, 2010).
Attempts were also made to stimulate research organisations to
‘open up’ to the global scientific community. The National Key Lab-
oratories, for example, were meant to be ‘open’ to international
interaction. They received a budget for inviting foreign researchers,
to sponsor visits to international conferences and to engage ininter-
national cooperation.

4.14. The first period of transformation; local diffusion of
knowledge in research system

Spontaneous horizontal, extramural cooperation was still lim-
ited in the early 1990s. If it did take place, it was often within the
same city or region. The projects of the 863 program often involved
researchers from different research organisations. It therefore
played a role in stimulating extramural interactions. The NKLs had
the mission to provide training to researchers from all over China.
They were also meant to engage in other forms of cooperation
with other research organisations in their field. Their establishment
could partially be regarded as an attempt to increase the level of
domestic extramural interaction within the research system.

4.15. The first period of transformation; interaction with
non-scientific users

A share of the 863 projects involved researchers from firms
(including state owned enterprises). Funding agencies also set
up a number of other programs and measures to promote the
interaction between research organisations and industry. As was
discussed previously, another central part of the strategy to stim-
ulate the interaction between research organisations and (state
owned) enterprises was to reduce the block funding of applied
research organisations. This forced them to look for alternative
sources of funding. Furthermore, during the 1990s, a large num-
ber of applied research organisations were privatised or merged
with companies (IDRC, 1997). The greater level of autonomy given
to research organisations allowed them to establish new technol-
ogy enterprises (NTE). For some organisations, these NTEs became
important sources of revenue. A related element of the strategy to
stimulate the interaction with potential non-scientific users was
the establishment of technology markets and high tech parks in
university areas (Sigurdson, 2005). As a consequence of the changes
in S&T personnel management systems, scientists and engineers
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in overstaffed public research institutes were encouraged to move
to industrial and agricultural sectors through mechanisms such as
job-transfers, long term assignments and leave-without-pay (Xue,
1997). The increasing research capabilities of universities led to
a greater degree of interaction between science and higher edu-
cation. The CAS also became more active in providing graduate
education in its university and graduate school. Despite measures
to increase industrial research, the level of R&D activities of (state
owned) enterprises remained low. The share of industrial invest-
ments in total R&D expenditures decreased further from 35.3% to
22.7% between 1987 and 1993 (Xue, 1997).

4.16. The second phase of the transformation process

In 1995 the ‘Third National Conference on Science and Technol-
ogy’ and a central government decision to accelerate the research
system reform marked the start of the second phase of the trans-
formation process. This phase was characterised by measures to
strengthen: (1) the linkages between science and higher education
and (2) the linkages between science and technological innovation.

4.17. The second phase of the transformation process; resource
allocation

Between 1995 and 2005, the budget of the NSFC continued to
have an average annual growth of 20% (NSFC, 2005a; NBS, 2001,
2006). In 2005 the total annual budget of the NSFC was well over
2.5 billion RMB, or approximately one third of the total public basic
research expenditure. As discussed, the NSFC mainly funds investi-
gator driven research projects and follows a relatively strict system
of peer review. As a result of its growing weight, the influence of
the scientific community over the allocation of research funding
increased. By consequence the level of scientific autonomy in the
research system also grew considerably. In addition to the relatively
small investigator-driven project funding in its general program,
the NSFC has also established several other programs. These cur-
rently take up around 35-40% of its budget (NSFC, 2005b). The
main examples of these programs are larger research programs
in selected priority fields and the ‘excellent young scientist’ pro-
gram. The latter provides investigator-bound funding for promising
researchers with a good track record and in many cases foreign
work experience. In this period the budget of the 863 program also
grew. In 1997 the MoST became responsible for a newly established
large basic research program. This program funds large scale basic
or strategic research projects in selected priority areas. Interviews
with active scientists indicated that these projects mobilise most
research groups throughout China with expertise in a particular
topic. These groups work together around a common theme to
realise specific goals.

Fig. 2 illustrates the increasing importance of competitive
project based funding in the total budget of research organisa-
tions. It is important to realise, however, that the funding mix
varies between organisations. At present the expenditures on basic
research in universities and CAS institutes is more or less the same
(CAS, 2006; NBS, 2006). Most universities receive relatively little
block funding for scientific research. The top research universities
that take part in the 985 program and the National Key Laborato-
ries do receive more. In contrast to universities, block funding still
accounts for a considerable share of the budget of CAS institutes.
A director of a CAS research centre indicated that block funding
accounts for around 30% of its resources. Researchers at univer-
sities receive a relatively large share of the NSFC funding (NBS,
2006). Researchers in CAS institutes are well placed to mobilise
large research teams. As a consequence they are relatively suc-
cessful in the competition for the larger projects allocated through
the 973 and 863 program. In 2004, CAS institutes received 39.4
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Fig. 2. Share of types of research funding for plant biotechnology research organi-
sations.
Adapted from Huang et al., 2002 in Jonkers, 2010.

and 30.2% of the funding from these programs (CAS, 2004a). The
work unit system continues to exist, but it has changed in nature.
Some researchers have implemented policies that would, in theory,
lead to the dismissal of underperforming researchers. Interviewed
scientists questioned whether this often happened in practice as
long as these researchers can generate sufficient funding to sur-
vive (Jonkers, 2010). Another change in the researcher population
is the relative growth in the share of non-permanent researchers
in research institutes (see also Jonkers, 2010).

The Chinese leadership continues to have a strong interest in
large scientific projects. These projects can be funded by the MoST
through its 863 and 973 Programs or through separate budget lines
(CAS, 2002b, 2006; Cao et al., 2006). For example: in the 973 Project
on rice functional genomics interviewees indicated that virtually
all Chinese teams active in this field were involved. Chinese scien-
tists, expatriates and analysts have voiced some criticism to this
inclusive approach. They argued that it would be more fruitful to
concentrate resources on the basis of scientific excellence. There
are several potential explanations for the funding of such large
scale projects. The concentration of the limited resources for sci-
entific research on specific topics is expected to yield better results
than the funding of many different smaller projects. The S&T policy
establishment believes that big investment in scientific infrastruc-
ture is essential. Another motivation is that large projects can yield
both domestic and international prestige and visibility. A good
example of the latter was the sequencing of the rice genome by
Chinese research teams. Historically rooted tendencies for central
planning in China’s S&T policy establishment are also expected
to form an important explanation Not everyone agrees with the
use of a considerable share of the still limited funding for scien-
tific research for large ‘top down’ implement projects. In recent
years several prominent expatriate and returned scientists criti-
cised this approach as being wasteful (Cyranoski, 2004; Wu (2006);
Poo (2004) in Cao et al., 2006).

4.18. The second phase of the transformation process; variation
in research organisations

Two central developments in the second phase of the trans-
formation process were the quantitative expansion of the higher
education system and the further strengthening of research capa-
bilities of research universities. The number of graduate students
enrolled in universities increased from around two hundred thou-
sand in 1998 to almost a million in 2005 (NBS, 2006). To strengthen
the research capabilities of universities the government established
two programs: the 211 and the 985 Program. The 100 leading
Chinese universities took part in the 211 Program. In the period
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1996-2000 (the 9th five year plan) close to 11 billion RMB was
invested to improve research infrastructure, buildings and facili-
ties (Qin, 2002). The 985 Program offered generous funding to a
small number of research universities in order to transform them
into ‘world class research universities’. These research universities
would be less focused on applied research and complement the CAS
institutes in conducting basic research (OECD, 2007). The universi-
ties could use the funding from the 985 program to improve their
facilities and research infrastructure. In addition they could use it to
attract strong researchers from abroad. Initially the program was
to involve only Beijing University and Tsinghua University, which
received 217 million USD in the period 1999-2001. The scope of
the program was expanded with an additional seven universities
in other cities. In recent years, the number has increased further to
around fourty, so that most Chinese provinces now have one 985
university. However, the initial group has so far received the largest
share of the funding (Li, 2004).

In 1998, the political leadership also approved the CAS Knowl-
edge Innovation Program (KIP). This program aimed to strengthen
the CAS’ capabilities in basic research, graduate education and
innovation (CAS, 2002c). The main objective of this program was
to renew and reinvent the CAS following a centre of excellence
approach (OECD, 2007). The KIP followed several phases in which
a growing number of institutes took part. The program involved
(1) the restructuring and merger of several institutes; (2) organi-
sational reform including changes in the evaluation structures; (3)
the strengthening and rejuvenation of CAS faculty through a man-
power development plan and changes in the contract system; and
(4)the upgrading of research infrastructure (CAS, 2002c,d,e, 2004a).
Between 1996 and 2002 the number of CAS institutes had already
decreased from over 120 to less than 90. The number of other
units, such as CAS invested holding enterprises is also decreasing
as a result of privatisations and mergers (CAS statistical yearbook,
2003). Between 2001 and 2005, a larger number of CAS institutes
took part in this program and the budget increased further (CAS,
2002e). Through the KIP the CAS aimed to create 30 internationally
recognised research institutes by 2010, five of which were to be
world leaders (OECD, 2007).

From an ecological perspective it is interesting to consider the
creation of new organisations and the disappearance of others.
As briefly discussed in the previous paragraph, the CAS has gone
through several major changes but remained a central research
coordination and performance organisation. Individual institutes
also went through important changes. The Institute of Development
Biology, for example, was set up in the early 1980s with generous
support from foreign funding sources. This institute, which was to
be a central locus for ‘new biotechnology’ research, had only lim-
ited success. In a review by experts from the US National Academy of
Sciences, considerable doubt was cast on some of the claims made
by leading researchers in this institute. In 1998 the institute was
merged with the CAS Institute of Genetics as part of the KIP. This
institute is now one of those which aim to compete at an inter-
national level and it has succeeded in attracting a large share of
foreign trained staff members. In recent years, there have also been
other experiments with the set up of new forms of organisations,
the most prominent example of which is the National Institute of
Biological Sciences in Beijing. This institute was modelled on the US’
Howard Hughes Medical Institute. Researchers are granted generous
person-bound funding to engage in research and are not required to
seek outside funding. Other examples of new organisational forms
are the international joint laboratories and international joint insti-
tutes discussed in Section 4.20. By 2005, the number of NKLs had
expanded to 179 (NBS, 2006) and over 400 second tier Open Lab-
oratories (OL), which have a similar mission, had been established
by the Ministry of Education, the CAS, the Ministries of Agriculture
and Health and other mission oriented ministries in their respec-

tive universities and research institutes. One of the most important
changes in the research landscape was the set up of the NSFC and its
increasing importance as a funder of research projects. This has led
to various changes in other parts of the system. Competition over
funding hasincreased both at the level of individual researchers and
that of research organisations. The system of peer review in various
types of evaluations has become more entrenched. Also the growth
of the NSFC budget allowed universities to become more important
as research performing organisations.

4.19. Evaluation mechanisms

The review of project proposals and organisations relied solely
on peer review untill the mid 1990s. In the later 1990s quantitative,
bibliometric, tools also became used. For these evaluations inter-
national bibliographical databases were used as well as the Chinese
Science Citation Database. These quantitative tools are mainly used
to inform and support the qualitative peer review process. The peer
review of proposals by the NSFC was not without its problems.
One of the main concerns was the limited presence of qualified
experts in China. The involvement of foreign experts was one way
to address this shortage. These foreign experts tend to be over-
seas Chinese researchers (the proposals are written in Chinese).
Gradually the size of mainland Chinese scientificcommunities were
growing as well, alleviating the problem of reviewer exhaustion. In
the programs of the MoST, proposals were evaluated by committees
of scientists and administrators. Several scientificrespondents indi-
cated they had more faith in the peer review process of the NSFC.
The allocation of funding by the MoST and the (limited) system of
peer review it adopts, however, received a considerable amount of
criticism by scientists in China and overseas Chinese researchers.
Some of the researchers interviewed for this project in the period
2003-2006, questioned the transparency of the allocation proce-
dures and the strong role of government administrators in making
these decisions, in comparison to the NSFC where these decisions
are based on peer review. Every five years the NKLs are evaluated by
the NSFC and the MOST. These evaluations can lead to the upgrading
of OLs and the down-grading of NKLs (see also Jin et al., 2005, 2006;
Jonkers, 2010). Agents in policy circles were however reported -
by a respondent involved in the review process - to have reserva-
tions about downgrading labs and as a result this does not occur
often. As mentioned in Section 4.12 the suborganisations have also
set up their own internal evaluation mechanisms for staff mem-
bers and this is also the case for universities and CAS institutes.
Some CAS institutes have engaged in international reviews of their
institutes (e.g. CAS, 2004b,c). Before the creation of the National
Centre for S&T Evaluation (NCSTE) in 1997, there was little system-
atic evaluation of S&T programs. In addition to an underdeveloped
evaluation culture and practice, the OECD considered there to be
too little qualified evaluators. Owing to the weakness of existing
evaluation mechanisms, it considers the function of evaluation in
providing feedback to the policy making process to be very limited.
Furthermore since the NCSTE is de facto affiliated to the MOST, it is
difficult for the NCSTE to perform independent, critical evaluations
of MOST policies and instruments (OECD, 2007)

4.20. The second phase of the transformation process;
international orientation

The opening up of the research system continued during
the second phase of the transformation process. In the period
1996-2005 the number of foreign visitors to the CAS institutes and
elite universities increased rapidly. The evaluations of organisa-
tions, sub-organisations and individual researchers placed special
emphasis on publications in international journals. The number
of publications in these journals showed a strong increase (Zhou
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and Leydesdorff, 2006). The absolute number of international co-
publications also increased very rapidly, though at a slightly slower
pace than the growth in international publications (see e.g. Jonkers,
2009). The increase in visibility can be related to various factors.
These factors include the qualitative upgrading of the scientific
manpower situation as well as the change in strategy by individ-
ual researchers as a result of changes in evaluation, promotion and
bonus systems. The implementation of these systems by research
organisations is, in turn, partially a response to changes in evalua-
tion structures - and their stronger focus on international visibility
- at the intermediary level of the research system.

During the course of the past ten, and especially the last five
years, a large number of international joint laboratories and inter-
national joint centres were set up by foreign and Chinese research
organisations in China. In recent years, several international joint
research institutes were also established (see also Jonkers, 2010;
Jonkers and Cruz-Castro, 2010). The CAS has also started to offer
specialised training abroad to selected managers and administra-
tors. At the intermediary and policy level interactions with foreign
counterparts have also increased over time. The NSFC and CAS have
engaged in S&T policy dialogues with Japanese, American and Ger-
man partners (e.g.: Blanpied and Zhao Gang, 2006; CAS, 2004d,ef,
2005). In 2000, the NSFC and the German DFG opened a joint centre
for research funding in Beijing (CDZW, 2008). In recent years the
NSFC is also using foreign based researchers in their peer review
process — in part to counter-act the problem of reviewer exhaus-
tion. Various manpower development programs set up by the NSFC
and the CAS have helped in attracting a large number of expatriate
Chinese scientists to return permanently, or to ‘shuttle’ between
mainland China and their host country. Especially in the last seven
years, the number of returnees recruited through such programs
has been substantial. Nowadays more than 60% of the senior fac-
ulty members in (plant science) NKLs and CAS institutes in Beijing
and Shanghai are thought to have worked abroad (see among others
Jonkers, 2010).

4.21. The second phase of the transformation process; local
diffusion of knowledge in research system

Several factors can explain the increase in extramural interac-
tion. The first is that the large scale 863 and 973 programs required
the involvement of researchers from different organisations. A
second important factor is that developments in information, com-
munication and transport technologies have decreased the costs
of interaction between distant cities. A change in research cul-
ture is also thought to have been important. This change can
be partially related to the increasing prominence of Chinese
researchers who returned from abroad. Clusters of highly inter-
acting elite researchers, nowadays often constituted by returnees,
were reported to play an important role in influence the science
policy (and funding) agenda. Interviews with returned scientists in
elite research organisations indicate that the increased degree of
extramural interaction is primarily related to the need for funding
from large scale funding programs rather than intra-scientific moti-
vations (Jonkers, 2010). Domestic mobility of researchers between
research organisations remains low. As mentioned in the Section on
evaluation, there is, at least in theory, downward mobility of senior
researchers who do not meet performance criteria in elite level
organisations. Upward mobility is still lacking for various reasons:
the administration of research organisations may make it difficult
for successful scientists to leave; directors of other institutes are
reluctant to hire domestically in order to maintain good relations
with other institutes; and there is also no culture where mobility
is viewed favourably. This may just be a transitory phase and in
part a reflection of the still relatively small size of the communi-
ties of top level - internationally active - researchers. At the level of

junior researchers mobility is thought to be higher (see also Jonkers,
2010).

4.22. The second phase of the transformation process; interaction
with non-scientific users

The interaction between research organisation and non-
scientific users has increased over time. Research institutes and
universities generate a considerable amount of their income
through contract research for, and ownership of, private com-
panies. The ownership of companies also implies considerable
financial risk. In an attempt to reduce their exposure, universities
have started to place the companies in their ownership at a greater
distance in the last years of this period (see e.g. Xinhua, 2006). The
CAS KIP was partially intended to increase the role of CAS institutes
intechnological innovation. To achieve this the interaction between
these institutes and applied research organisations and enterprises
was stimulated (CAS, 2002f; Suttmeier et al., 2006). Since 1995,
there is also a strong push for a greater integration of higher edu-
cation with research and development. The strengthening of the
research capabilities of universities through the 211 and 985 pro-
gram was an important way to achieve this. Another example is the
growing role of the CAS in providing graduate education.

4.23. Brief summary of current position of the Chinese research
system

The current position of the research system on the continua
across seven functional dimensions lies closer to the extreme pole
of the ‘perfect market ideal type’ than it did previously. There has
been a strong increase in the share of research funding allocated
in the form of competitive project funding following a process of
peer review (by the NSFC). Another large share of the research bud-
get is allocated in the form of mission oriented project funding
in which administrators have a relatively large influence on the
direction of research. The diversity in research organisations has
increased during the two time periods under investigation. This
growing diversity is partially due to the growing importance of new
organisations and sub-organisations, and also partially due to an
expansion in the missions of existing organisations. Elite research
organisations such as the leading research universities and CAS
institutes have become much more ‘open’ to the international sci-
entific community. Non-elite and applied research organisations
still remain more isolated from global science. During the two peri-
ods under investigation the frequency and intensity of spontaneous
domestic extramural interactions has increased. This increase can
be attributed to a change in research culture and to the stimulation
of extramural interaction through the large scale funding programs
(Jonkers, 2010). The large influence of ‘top down’ measures sug-
gests that the Chinese system is still located more towards the
left of the continuum presented in Fig. 1, than most research sys-
tems in OECD countries. A number of measures have been taken to
increase the degree of interaction between organisations in differ-
ent sub-systems of the innovation system. Research organisations
and universities generate a considerable amount of their resources
from state owned and private enterprises. The linkages between
research and higher education have increased as well. New mea-
sures to further promote and fine tune these types of interactions
are thought to have been taken at all four levels of the research
system in the current phase of the transformation process.

4.24. General trends and future development
China’s rapid economic growth allowed for the large invest-

ments in research infrastucture, the attraction of new staff, the set
up of the NKLs and research institutes, the growth in the budget
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of the new funding mechanisms and programs and the transfor-
mation of the Chinese research system. R&D spending increased
by almost 19% per annum since 1995. Basic research, however,
accounted for only 6% of the total R&D expenditure of 30 billion
in 2005 (see among others: OECD, 2007). The Chinese government
aims to gradually increase this share of basic research in total R&D
expenditure to 20% (CAS, 2004g). At the same time, the total R&D
expenditure will increase further as well. Between 2005 and 2020,
the gradual transformation of the Chinese research system in the
direction of the ‘perfect market ideal type’ is expected to continue
through measures announced in the 11th and 12th five year plan
and the ‘long term program for S&T development’ (see among oth-
ers: Cao et al,, 2006; Suttmeier et al., 2006). Though the Chinese
system has become similar in institutional setup to OECD coun-
tries, it will always retain many characteristics which are specific
to China and its historically rooted growth trajectory.

Over the past 10 years the output of the research system, as
measured by publications in international scientific journals, has
increased exponentially (see also Zhou and Leydesdorff, 2006). This
growth has not occurred equally for all scientific subfields. While a
certain increase in the share of life science research in the research
portfolio is visible over the past two decades, it remains heavily
concentrated in physics, chemistry and engineering. While world
wide over 60% of the SCI publications are made in the medical and
life sciences, less than 22% of Chinese publications were made in
this broad field in 2006 (Jonkers, 2010). The relative stability of
the distribution of the research output is a further indication of
path dependency in the development of this research system. If
the institutional transformation described in this paper has brought
the research system closer to research systems in OECD countries,
it is not clear from this analysis of the output, that it has indeed
become more flexible. Reports of the rapid development of stem cell
research and nanotechnology do provide provisional indications
that it has become more able to devote resources and manpower
in emerging fields of research. Insights in the development of the
research portfolio are, however, still insufficiently detailed to suf-
ficiently ground such statements. The OECD reports that, even if
some universities perform remarkably well, overall quality has not
kept equal pace with the increasing quantity of the output (2007).
Again there are large differences between scientific subfields. For
example, China is performing relatively well in the plant molecular
life sciences, when considering a normalised indicator for the aver-
age number of citations per paper (Jonkers, 2010). This is not true
to the same extent for most other molecular life science subfields.

Since 1995 the output of the higher education system has
increased more than five-fold (NBS (MoST) 2007). The OECD report
raises concerns about the overall quality of the output of the
education system. However, there are large differences between
universities and many of the students of elite level universities con-
tinue their studies at universities in (especially) the United States
and Europe. In part as a result of special programs the flow of over-
seas Chinese scientists returning to China to work in its research
organisations has grown (Jonkers, 2010).

5. Discussion

This paper illustrated the use of a theoretical framework for the
comparison of research systems by analysing the transformation of
the Chinese research system in the period 1980-2005. Before the
process of transformation started the research system approached
the ‘centrally planned ideal type’. By 2005, the research system had
moved in the direction of the ‘perfect market ideal type’ on all the
functions identified in Fig. 1. Often institutional changes affecting
one of these functions are related to changes in the other functions.

The introduction of new funding organisations at the intermedi-
ary level such as the NSFC but also the 863 and 973 programs of the

MOST and especially the NSFC have resulted in a greater plurality
in the sources of funding for research. They have also strengthened
the reliance on project over block-funding. The project based nature
of funding in these programs (especially the growing budget and
role of the NSFC) has given individual research groups a greater
amount of autonomy over their research direction. Over time they
have received more opportunities to compete for funding indepen-
dently of their research organisations, since research contracts are
made with individual researchers instead of their work-unit.

The role of some existing organisations has also changed over
time; the clearest example of which is the formation of research
universities. This trend was stimulated at the beginning of the
1980s and was given a greater impulse from 1998 onwards. In addi-
tion to these gradual reforms, attempts were made to introduce
novel organisational forms that could help improve the perfor-
mance of the Chinese research system. The most fundamental of
these was the establishment of NKLs and OLs in research univer-
sities and institutes. The NKLs were intended to have a positive
radiating effect on the research system and they receive a steady
stream of visiting scientists from other organisations in China. They
are also oriented towards the international scientific community
and host foreign visitors for short periods. The establishment of
these units and other organisations has led to a greater plurality of
organisational forms and ownership models.

The system of quinquennial evaluations of the NKLs offers an
incentive for the improvement of research and research manage-
ment quality. It also introduces another level of competition in
the research system as NKLs can be demoted and OLs can be pro-
moted. The rapidly increasing budget of the NSFC, which mainly
allocates funding to bottom up research proposals, following a pro-
cess of peer review, indicates that the degree of scientific autonomy
has grown. That is, scientists have an important role in decid-
ing which projects to fund. Likewise, the various evaluations of
research organisations, sub-units and individual researchers rely
on reviews by scientific experts. Furthermore, scientists are evalu-
ated on the basis of their publications in scientific journals. As these
journals are peer-reviewed, this introduces a further dimension of
quality control by the scientific community, and hence scientific
autonomy or influence in societal reward structures. The large pro-
grams of the MoST are criticised frequently, because researchers are
said to have to be close to science policy circles to get funded and
also because of the limited role of scientific peer review in grant
allocation. The OECD considers a more independent evaluation of
these programs as an important way to increase their efficacy.

Domestic extramural interaction has increased as a result of
the large scale programs of the MoST where teams from differ-
ent organisations take part. Measures have also been taken to
increase domestic mobility. These include the establishment of
a post doc system. The OLs and NKLs also play a role in train-
ing researchers from outside their own organisation. Downward
mobility of researchers who cannot perform to certain standards in
elite level research organisations to a lower level applied research
organisations or companies is said to have been promoted. As a
potential indication of this there has been a considerable reduc-
tion in the size of permanent staff members in CAS institutes.
Some respondents in this project questioned whether this type
of mobility happens frequently in top level research universities.
Upward domestic mobility, i.e. the recruitment of high perform-
ing researchers by other research organisations, was considered
very rare. This may be a temporary phase related to the still small
size of the part of the scientific community which competes at an
international level in most scientific fields. In the long term both
upward and downward domestic scientific mobility is thought to
be important for the diffusion of knowledge, quality control and the
functioning of the Chinese science system because of its relation to
reputational competition and intellectual pluralism.
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Since 1998, the Chinese science system has become more cos-
mopolitan in nature. The NSFC is using overseas experts in its peer
review of research proposals. The CAS has also set up a database
of foreign (mainly overseas Chinese) researchers which it can use
in the review of its institutes and researchers. Research and fund-
ing organisations push researchers to publish in preferably high
impact international journals and this is reflected in their bonus
allocation mechanisms. Giving greater importance to (high impact)
international journals in such reviews is, in itself, an indication of
a greater cosmopolitan orientation and a realisation of the benefits
thatintegration in the international scientific community can bring.
Similarly, several of the leading Chinese journals are now published
in English, sometimes finding a foreign publisher and foreign editor,
and thus subject their knowledge claims to the international sci-
entific community. Finally, a large share of researchers in top level
research organisations have worked for several years abroad bring-
ing with them ‘western’ attitudes towards research and retaining
their orientation to the international scientific community. This
helps to improve evaluation and quality control mechanisms and
the absorption of scientific knowledge developed overseas. The
increasing international visibility in some fields helps to attract
new returnees which in result may lead to a further upgrading of
the Chinese research system. The various elements of the inter-
nationalisation thus affect other elements of the transformation
process and therefore can be considered a central part of this
development.

Over the past two decades inter-linkages between organisa-
tions in the public sector research systems and organisations in
other subsystems of the national innovation system have increased.
One important factor in the integration of the research and higher
education systems is the increasing role of universities in carry-
ing out research and the further strengthening of their capacities
through the 211 and 985 Programs. The role of the CAS in graduate
education has increased as well. The linkages between organisa-
tions responsible for basic and strategic research and those focused
on applied research, product development and commercialisation,
have also increased. This was partially done through forcing the
government research institutes involved in applied research to
become more market oriented. Universities and CAS institutes have
also been active in the commercialisation of their research both
through establishing CAS- and university-owned enterprises and
by conducting more contract research for state owned, private and
multinational enterprises.

Changes in the research system are not just a matter of changing
policies but the aggregate result of changing actor strategies. As dis-
cussed, the output of the science system in terms of the number and
quality of its international publications has increased considerably
over time. This increase in international visibility can be partially
explained by the introduction of new actors (returnees) and differ-
ent publication strategies. This change in publication strategies is
also a consequence of the evaluation systems in individual research
organisations which were established in response to the stress on
international publications in evaluation systems implemented by
organisations at the intermediary level. Furthermore, it is strongly
related to the greater international orientation of the system. Apart
from institutional transformation, however, the increase in visibil-
ity is also partially related to changes in the inputs in the science
system in terms of increased funding and the qualitative increase in
the available scientific manpower. The extent to which individual
elements of the institutional transformation process have resulted
in the improved performance of the scientific research system in
terms of its overarching function of the development of new scien-
tific knowledge as well as the related functions of training highly
qualified scientific manpower and contributing to technological
innovation is difficult to assess. As made clear in this discussion
the different functions are also strongly inter-related. It is more the

overall functioning of the system, and thus the extent to which it
meets all the functions of novelty generation, selection, absorption
and diffusion which determines the extent to which it meets these
overarching functions.

The transformation process has been gradual, often following
a trial and error approach. This process has not yet ended. At
present, there are still considerable differences between the Chi-
nese research system and research systems in Western Europe and
North America. Indeed there are many differences between the
research systems in OECD countries as well. It is not surprising that
elements of the transformation of the research system lead to new
problems. It will take time for new institutions to fully develop in
the Chinese system. The discussion of these problems in the sci-
entific community, policy circles and even the popular press may
be a positive sign. It may help to spur institutional changes that
further improve the functioning of the science system. Overall the
institutional transformation of the Chinese research system is con-
sidered to have made it better capable of performing its overarching
functions and hence contribute to Chinese society..

In order to become more useful for cross country compar-
isons the theoretical framework introduced in this paper can be
expanded further. It would be of particular interest to explore
whether insights from the variety of capitalism literature can be
used for classifying the various continental European, Anglo-Saxon
and Asian research systems. Further conceptual work would thus
be needed to fully exploit the basic functionalist framework intro-
duced in this paper.
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