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The emergence of China as a leading nation in science
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Abstract

China has become the fifth leading nation in terms of its share of the world’s scientific publications. The citation rate of papers
with a Chinese address for the corresponding author also exhibits exponential growth. More specifically, China has become a
major player in critical technologies like nanotechnology. Although it is difficult to delineate nanoscience and nanotechnology,
we show that China has recently achieved a position second only to that of the USA. Funding for R&D has been growing
exponentially, but since 1997 even more in terms of business expenditure than in terms of government expenditure. It seems that
the Chinese government has effectively used the public-sector research potential to boost the knowledge-based economy of the
country. Thus, China may be achieving the (“Lisbon”) objectives of the transition to a knowledge-based economy more broadly
and rapidly than its western counterparts. Because of the sustained increase in Chinese government funding and the virtually
unlimited reservoir of highly skilled human resources, one may expect a continuation of this growth pattern in the near future.
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. Introduction

In recent years, China’s economy has been grow-
ng fast. The average annual GDP growth rate was
.9% during the period 1992–2001 (National Bureau of
tatistics of China, 2002). This extraordinary growth is
appening in a context in which some other countries
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are experiencing stagnation and/or recession. Such
nomic growth can be expected to have positive eff
on China’s scientific research and development (R
because, for example, more funding can be made a
able for R&D. Since the relation between knowled
based innovations and the economy is interdepen
and mutually enhancing (Foray, 2004), the growth o
the scientific and technological capacities of China
be expected to reinforce its economic developmen

In the transition to a knowledge-based econo
R&D expenditure has been considered as an im
tant indicator for evaluating a country’s investmen
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its knowledge base. The European Summit of 2000
in Lisbon, for example, agreed to strive for a ratio of
3% Gross Expenditure in R&D (GERD) over GDP in
2010 (European Commission, 2000, 2005). The ratio
of GERD/GDP for China has been increasing expo-
nentially during the last decade despite the spectacu-
lar increase in the denominator (GDP). In 2003, the
GERD/GDP-ratio for China was 1.31%, while only
5 years ago this ratio was 0.70% (China Science and
Technology Statistics Data Book, 2004).

Another factor closely related to the emergence of
Chinese science is the return of overseas scholars.
China’s rapid and sustained economic development has
motivated an increasing number of overseas scholars
to return (Wang and Zheng, 2005). In order to encour-
age overseas Chinese scholars to join the construction
of the Chinese knowledge-based economy, Chinese
governments at various levels have developed policies
favourable to the return of emigrants. As a result, 81%
of the members of the Chinese Academy of Sciences
and 54% of those of the Chinese Academy of Engi-
neering are returned overseas scholars (Xing, 2004).
These returned overseas scholars play important roles
in China’s economic and scientific development.

Is the output of these efforts keeping pace with the
input? If so, how is the impact of publications in terms
of citations developing? (Jin and Rousseau, 2004). In a
paper published in Nature, the Chief Scientific Adviser
to the UK Government, Sir David A. King, compared
certain major countries including the USA, the EU
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cators (Zhou and Leydesdorff, 2004; Leydesdorff and
Zhou, 2005). In this study, we extend the scientometric
analysis with input statistics as provided by the OECD,
a more detailed analysis of China’s performance in nan-
otechnology, and an analysis of the Chinese publication
system in terms of international and domestic journals.
Thus, we are able to provide a more integrated picture
of the knowledge base of the Chinese system. In the
final sections, we draw some conclusions and suggest
normative implications for the further development of
China’s research potential.

2. Methods and materials

The scientometric analysis is based on using the var-
ious versions of the Science Citation Index. We use
indicators like total publications, world share of publi-
cations, total citation rates, percentage of world share
of citations, as well as the top one percent of most
highly cited papers in order to measure scientific out-
put. The analysis focuses on the six major countries
(the USA, Japan, UK, Germany, France, and China),
and we added the EU-15 and the EU-25 because this
provides an additional perspective at the global level.
We also included South Korea because this compari-
son may teach us something about the differences in the
dynamics between Asian versus other OECD countries.
(Korea has been a member of the OECD since 1996.)

For the input indicators, we used the OECD’s Main
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ountries, and China (King, 2004). Among other indi
ators, the author suggested a relationship bet
ealth intensity (GDP per person) and citation inten

citations per paper). On this indicator for the impac
cientific performance, China was at the very bott
ust above India and Iran. In a reaction toKing’s (2004)
aper, however, Ronald Kostoff – a scientometricia
orking for the US Navy – called the report “m

eading” because it underestimated the emerging
f China in critical technologies like nanotechnolo
ostoff (2004)claimed that if a composed indica

s used, China could be shown to have surpasse
nited States during the first 8 months of 2004 in te
f research output in this field. On Kostoff’s indic

or the UK figures only seventh after China, the US
apan, Germany, France, and South Korea.

These conflicting views inspired us to anal
hina’s performance in R&D using scientometric in
cience and Technology Statistics published on
nd in print (OECD, 2004). One should note that th
ormalization of the Chinese currency in terms o
quivalent purchasing power parity in US dollars
emained a subject of some discussion (Davies, 2003
hi, 2004). The online data was retrieved in the per
etween 24 November, 2004 and 24 January, 200

For the delineation of the field of nanoscience
anotechnology, we use statistical techniques w
ere developed in other contexts (Leydesdorff and
ozzens, 1993; Leydesdorff, 2004). These technique
re applied to aggregated journal–journal citation r

ions as provided by the Journal Citation Report
he Science Citation Index 2003. Since “nanotech
gy” as a field of science is highly interdisciplinary,
xperiment with different delineations of the field
erms of relevant journals. In addition to core-journ
e distinguish a nano-relevant set which forms the
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tion environment of the core journals and thus may
provide the seedbed for further developments in this
field. The performance data of nations in these limited
sets can be compared with the performance indicators
over the file of the Science Citation Index.

The Web-of-Science installation of the Science
Citation Index allows for the measurements includ-
ing the most recent year (2004), but there are some
limitations on the retrieval. The system does not pro-
vide an exact number when the recall is larger than
100,000 and the download for each save is limited to
500. In order to solve the first problem, we separated
the recalls that are larger than 100,000 into several
smaller segments, then searched the results for each
segment, and recombined them using Boolean algebra
for the necessary corrections (because of international
coauthorships). In the case of the EU-15 and EU-25,
the correction for international coauthorships is not a
sine cura. The number of Boolean operators increases
rapidly with the number of sets to be combined.1 At
the level of each unit of analysis (country or set of
countries) we use integer counting. Publications with
an address in Hong Kong were merged with the data for
China both before and after 1997 (the year when Hong
Kong was returned to China) in order to prevent trend
breaches.

In accordance with current practice in scientomet-
rics (Braun et al., 1991), we have limited the analysis
to articles, reviews, letters, and notes. For mapping the
citation patterns of Chinese domestic journals, we used
t nals.
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3. Results

In order to provide a clear picture of China’s
research performance, this section is organized in four
subsections. Each subsection specifically focuses on
one topic. First, we discuss the results related to China’s
general performance in terms of publications and cita-
tions, respectively, in Sections1 and 2. Publications and
citations are two key indicators for evaluating research
output. Data about nanotechnology follows in Section
3. We compare China with major countries like the
USA, the UK, Germany, France, Japan, the EU-15,
and the EU-25, and we include South Korea in order to
assess whether the effects which we found were spe-
cific to China or applicable more generally to Asian
nations. In the final section of this part, we compare
the relations between input and output indicators for
these (sets of) countries.

3.1. Publications with a Chinese address

Jin and Rousseau (2004)already signalled the expo-
nentional growth in scientific publications with a Chi-
nese address. In 1999, China was in the 10th position
(China Science and Technology Statistics Data Book,
2000). Five years later (2004) China had become the
fifth largest country in terms of scientific publications,
after the USA, Japan, the UK, and Germany, respec-
tively. However, if we look at values for the EU-15 and
the EU-25 on this indicator, the number of scientific
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hese routines enable us to zoom into local struct
y choosing an entrance journal for the analysis

hen to visualize the relevant environments. The a
ithm ofKamada and Kawai (1989)will be used for the
isualizations. All representations are based on u
he cosine among the citation vectors of journals
easure for similarity (in the citing and cited dime

ions, respectively); cosine values smaller than 0.
uppressed and the line thickness varies with the v
f the similarity measure.

1 Let us call the search results of four subsetsA,B,C, andD, respec
ively. Any two subsets can be combined using:R = (A + B) − ∩AB.
or three subsetsR = (A + B + C) − (∩AB +∩AC +∩BC) +∩ABC.
dding a fourth segmentD to R then requires the following ca
ulations: R′ = (R + D) − (∩AD +∩BD +∩CD) + (∩ABD +∩ACD +
BCD) − ∩ABCD.
ublications of the EU-15 is 15% higher than tha
he USA; and for the EU-25 the number is even m
han 23% higher (Fig. 1).

In order to show the historical development dur
he last decade, we collected data for the seven a
entioned countries, the EU-15, and the EU-25 fo

ast 10 years (Fig. 2). China is the only country of whic
he percentage share shows exponential growth, w
outh Korea’s growth trend was significant as w
owever, Korea’s increase trend is linear instea
xponential. Japan, the UK, and France were relat
table; Germany’s output showed an increase du
he period 1995–1998 as an effect of the unifica
Leydesdorff, 2000). The world share of publication
f the EU-15 (articles, reviews, letters, and notes)
assed that of the USA in 1994 (cf.King, 2004). The
orld share of publications of the EU-15 has b
pproximately 5% higher than that of the USA si
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Fig. 1. Ranks of countries in 2004 in terms of number of publications (articles, notes, reviews, and letters; SCI Web-of-Science 2004; data
collected on 15 January 2005).

1998. The trend line of the EU-25 is similar to that of
the EU-15. The USA’s share decreased from 1995 to
2000, but the indicator is relatively stable thereafter.

Table 1provides the percentages of world share in
tabular format using the types of publications deemed
most relevant for this assessment (articles, reviews,
letters, and notes). From this table one can see in
greater detail how the differences between countries

have developed. The resulting picture is surprisingly
dynamic. For example, Japan has surpassed the UK
by taking the second position since 1997. China has
been the only country to have its world share increase
by more than 1% within a single year (2003–2004).
Korea’s sustained increase is also remarkable.

In general, approximately 35% of world publica-
tions are from the EU countries, while approximately

Fig. 2. Percentage of world share in terms of articles, reviews, letters, and notes (SCI Web-of-Science, 1993–2004; data as of 29 January 2005).
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Table 1
Percentage of world share of the seven countries under study, EU-15 and EU-25 (Web-of-Science data)

China France FRG Japan Korea UK USA EU-15 EU-25

1993 1.69 5.98 7.45 8.49 0.48 8.89 34.73 33.78 35.04
1994 1.70 5.99 7.54 8.57 0.58 8.97 33.66 34.12 35.90
1995 2.05 6.09 7.62 8.65 0.79 8.88 33.54 34.36 36.21
1996 2.31 6.18 7.93 8.94 0.99 9.02 32.29 35.59 37.08
1997 2.66 6.31 8.32 8.98 1.16 8.73 31.94 35.72 37.60
1998 2.90 6.48 8.82 9.42 1.41 9.08 31.63 36.85 38.82
1999 3.44 6.44 8.67 9.52 1.58 9.08 31.24 36.72 38.68
2000 3.89 6.31 8.69 9.49 1.76 9.22 30.93 36.55 38.67
2001 4.30 6.33 8.68 9.52 2.01 8.90 31.01 36.55 38.77
2002 4.98 6.10 8.50 9.43 2.17 8.60 30.75 34.89 38.16
2003 5.51 6.10 8.35 9.40 2.43 8.46 30.68 35.96 38.02
2004 6.52 5.84 8.14 8.84 2.70 8.33 30.48 35.18 37.59

30% is from the USA during the last 3 years. The
Japanese share of publications wanders around 9%.

3.2. Citations to Chinese papers and Chinese
journals

3.2.1. Citations to Chinese papers
China’s total citation rate is still low when compared

with citation rates for other nations (Jin and Rousseau,
2004). However, this indicator has also been on the
increase at an exponential rate during the last decade
(ISTIC, 2003, 2004). Fig. 3 provides the number of
citations in each year for publications with a Chi-

nese address for the first author during the preceding
10 years. (The first author is often the correspond-
ing author.) In other words, a 10-year citation window
is used on the set of articles, reviews, and letters in
each year, including internationally coauthored publi-
cations, but only insofar as the first author has a Chinese
address. The data are total citations without excluding
self citations.

The figure shows that the increase in the citation
rates is even above the best exponential fit of the curve
during the last 2 years. This momentum of the Chinese
publication system in terms of gaining citations can
also be made visible by using the increase of the per-

s usin
Fig. 3. Citations to papers with a Chinese addres
 g a 10-year citation window (Source:ISTIC, 2003, 2004).
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Fig. 4. Increase in percentage of world share of citations. (Source:King, 2004, at p. 312.)

centage of world share of citations provided byKing
(2004) in Table 1of his paper. King’s results can be
used for the validation because they were derived from
the same source as ours (Evidence, 2003).

King (2004)used his data for comparing among the
nations at the world systems level, but one can use the
same data for the analysis of growth rates between the
two periods involved (Leydesdorff and Zhou, 2005).
In Fig. 4, based on Table 1 of King’s paper, China is
the fourth country in terms of the growth of its per-
centage of world share in citations during the period of
1997–2001 compared to the period 1993–1997. Other
countries like Singapore and South Korea also show a
spectacular increase in their citation rates when these
two periods are compared at the level of individual
nations. (The remarkable increase for Iran has prob-
ably to be explained in terms of the opening up of this
country towards the international community during
this period, but the underlying dynamics may be very
different from those in China and Korea. However, we
refrain from analyzing the data for Iran because we
do not have sufficient contextual knowledge about this
country.)

King (2004)considered the indicator of the top one
percent of the most highly cited papers as the most
important measure of a country’s influence in science.
Using his data, we plotted the percentage change of a
country’s highly cited papers inFig. 5. (See for a dis-

cussion of King’s metrics:Braun et al., 2005; Evidence,
2003). China’s contribution increased on this indicator
as well, although the absolute numbers are still low
(0.22% and 0.33% for the two periods 1993–1997 and
1997–2001, respectively). Among the countries with an
increase in the percentage of highly cited publications,
China ranked sixth, with an increase almost similar to
that of South Korea in the fifth position (45.9%). Note
that English is native language in countries with an
even higher increase (Ireland, India, South Africa, and
Singapore). In other words, authors in these countries
have a language advantage.

3.2.2. Citation patterns of Chinese journals
China is a large country not only in terms of its

scientific publications, but also in the large number of
scientific journals it produces. More than 4400 of sci-
ence and technology journals were published in China
in 2001, and around half a million scientific papers are
published annually in these journals (Jin and Rousseau,
2004). Two institutions have organized this domestic
data in a format similar to that of the Science Citation
Index of the Institute of Scientific Information in the
USA. One database, the China Scientific and Technical
Papers and Citations Database (CSTPCD), is produced
by the Institute of Scientific and Technical Informa-
tion of China (ISTIC). In 2003, 1576 journals were
included in this database. The other, the Chinese Sci-
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Fig. 5. Growth of the number of most highly cited publications during the second period (1997–2001) normalized against previous contributions
(1993–1997). (Source:King, 2004, at p. 312.)

ence Citation Database (CSCD), is produced by the
Documentation and Information Centre of the Chinese
Academy of Sciences, and covered 1046 journals in
2001.

The citation patterns of Chinese journals are differ-
ent in their domestic and in their international envi-
ronments. To explore these differences, we chose Acta
Chimica Sinica as an entrance journal for two reasons.
First, chemistry is among the fields in which China per-
forms well (MOST and LCAS, 2004, at pp. 5–6 and
p. 29). One can expect a more elaborate citation net-
work for journals with a high profile than for journals
in relatively weak fields. Secondly, this specific journal
is covered both by the domestic and the international
(SCI) databases, while it publishes in Chinese. For the
domestic database, we used the CSTPCD as the data
source.2

Using Acta Chimica Sinica as the seed journal,
Fig. 6 shows that Chinese scientists cite publications
in other domestic journals. Domestic journals in the
same fields have close citation relations. In other words,
they integrate with each other.Fig. 6shows this for the
being-cited patterns of the journals, but a similar picture
emerges if we compare their citing behaviours. Chinese

2 Jin and Leydesdorff (2004)provide a similar picture for this jour-
nal using the CSCD database in 2001.

journals in this field (chemistry) are firmly integrated
into a single unity in terms of their citation relations.
The relation with marginal journals is focused on a few
hubs, but the core group is extremely well intercon-
nected.

How is the situation in the international environ-
ment?Fig. 7 indicates that there are strong citation
relations between Acta Chimica Sinica and interna-
tional journals in the ‘citing’ dimension. This means
that this journal is actively citing international jour-
nals in a pattern shared among these journals. In other
words, Chinese scientists actively absorb knowledge
produced by their international counterparts. Interna-
tional scientific literature has an impact on Chinese
scientists.

However, the ‘cited’ relations between Chinese
journals like Acta Chimica Sinica and international
ones are mediated by the Chinese Journal of Chemistry.
In Fig. 8, this journal functions as an articulation point
between the Chinese and the international graphs. This
means that the research output of Chinese scientists is
not reflected by their international counterparts. Cited
relations between international journals and Chinese
journals are channelled through specific journals which
function as citation windows on the Chinese literature.
As Acta Chimica Sinica is published in Chinese, we
conjecture that journals published in Chinese have not
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Fig. 6. Cited pattern of Acta Chimica Sinica in the domestic database in 2002.

merged into the international academic environment
even if they are included in the Science Citation Index.
They form an isolated group within the citation rela-
tions of the set.

How is the situation of Chinese journals published in
English? Let us check this by replicating the analysis
for the Chinese Journal of Chemistry as an entrance
journal. This journal functions as a bridge between

Fig. 7. Citing pattern of Acta Chimica Sinica in the international environment (SCI, 2002).
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Fig. 8. Cited pattern of Acta Chimica Sinica in the international environment (SCI, 2002).

international journals and the Chinese group of journals
made visible inFig. 8on the left side. Its cited situation
is better than that of Acta Chimica Sinica (Fig. 9).

The Chinese Journal of Chemistry is cited by its
international counterparts, but its relations with other
Chinese journals makes it special and therefore non-
central. (A similar configuration can be shown for the
other Chinese journal in English, that is, the Chinese
Chemical Letters.) On the top left side of the picture are
the journals that are published in Chinese, but included
in the Science Citation Index. These results suggest that
use of the Chinese language is an important factor that

affects the international visibility of Chinese journals
by isolating them from the international communica-
tion.

In summary, our analysis shows that Chinese jour-
nals are integrated with one another in the domestic
citation environment. However, their citation patterns
in the international environment are more complex.
Inclusion in the Science Citation Index is not a suffi-
cient condition for integration into the world system
of scientific publications. Chinese journals are inte-
grated with their international counterparts in terms of
their citing relations, but the cited relations are not well

hinese
Fig. 9. Cited relations of the C
 Journal of Chemistry (SCI, 2002).
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established, especially for those published in Chinese.
The language is a barrier for Chinese publications by
authors who wish to be recognized in the international
environment.

3.3. A focus on nanotechnology

Nanotechnology has been a key field for science
and technology policies in recent years. In 2000, US
president Bill Clinton launched an initiative to pro-
mote nanotechnology entitled the National Nanotech-
nology Initiative: Leading to the Next Industrial Rev-
olution. Since then, EU countries, China, Japan, and
South Korea, etc., have all adopted nanotechnology as
an S&T policy priority. The Chinese government, for
example, declared nanotechnolgy a critical R&D pri-
ority in their Guidance for National Development in
2001. In the same year, the Chinese Ministry of Sci-
ence and Technology, the National Development and
Reform Commission, the Ministry of Education, the
Chinese Academy of Sciences, and the National Natu-
ral Science Foundation jointly issued a Compendium of
National Nanotechnology Development (2001–2010).
This can be considered as a strategic plan.

The potential importance of nanotechnology is gen-
erally acknowledged. Nanotechnology may have a sig-
nificant influence on social and economic development
and national security as well as people’s daily lives.
On the scientific side, developments in nanotechnology
can be relevant for various fields such as physics, chem-
i
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their titles may be a better source in terms of providing
information in nano-papers (Schummer, 2004).

We experimented with various methods to delin-
eate a journal set which would be representative of
nanoscience and nanotechnology. The Web-of-Science
in 2004 contained eight journals with “nano” in their
title. Four of these journals (the Journal of Nanoscience
and Nanotechnology, Nano Letters, Nanotechnology,
and IEEE Transactions on Nanotechnology) have a
high communality in their cited patterns given relevant
journal environments. Factor analysis of the cited pat-
terns can be used as an indicator for the development of
new and emerging specialties. The journals with com-
munality in their being cited patterns are recognized
in the relevant environments as belonging to a single
group (Leydesdorff et al., 1994).

To understand not only the current situation, but also
historical developments in nanotechnology in terms
of publications, we need data for at least three suc-
cessive years. IEEE Transactions on Nanotechnology
was not included in SCI before 2003, and can provide
only 2-year data. Therefore, we focused on the remain-
ing three core nano-journals, among which Journal of
Nanoscience and Nanotechnology and Nano Letters
were first covered by SCI in 2002, while Nanotech-
nology was covered as early as 1994.

Research in an interdisciplinary field like nanotech-
nology needs input from knowledge in other fields such
as physics, chemistry, biology, or electronics. Publica-
tions cited by the core nano-journals can be consid-
e logy.
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stry, material sciences, biology, and medicine (Meyer,
001). In general, the development of new technolo
rovides challenges and new opportunities to exis
elds of science (Rosenberg, 1982).

Since nanotechnology is a highly interdisciplin
eld, it is difficult to identify which papers belon
o this field. The set of papers with “nano” in th
itles or keywords would also include those papers
atisfy this condition but do not really belong to
anotechnology field. There may be some relabe

or opportunistic reasons (Studer and Chubin, 198;
an den Daele et al., 1979). However, if we define th
eld in terms of journals with “nano” in their title
e will certainly not be able to cover all papers in
anotechnology field that are published in journal
elated fields (for example, in physics, chemistry, m
ials sciences, etc.; cf.Bradford, 1934; Bensman a

ilder, 1998). Nevertheless, journals with “nano”
red as relevant knowledge sources of nanotechno
fter some experimentation with different journal en

onments, we decided to consider all journals w
itation relations above the 1% level to the four c
ournals of nanotechnology as “nano-relevant” jour
Fig. 10). These 85 journals cover the publication sp
or authors with communications potentially relev
or the nano-field. The authors who publish in th
ournals constitute also the human resources an
nowledge bases which can be activated by prio
rograms in nanoscience and nanotechnology.

Fig. 10 shows that the three core Journal
anoscience and Nanotechnology, Nano Letters
anotechnology indeed act as a core set at the

aces among physical chemistry, material science
olid-state physics, while IEEE Transactions on N
technology is more related to electronics and is
entral to the interface. In other words,Fig. 10further
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Fig. 10. Cited environment of four core journals in nanotechnology and 85 “nano-relevant” journals (cosine≥ 0.5).

legitimates the selection of these three journals (Jour-
nal of Nanoscience and Nanotechnology, Nano Letters,
and Nanotechnology) as a core set in nanotechnology.

We compared the national contributions in these two
sets, that is, of the three core journals and the 85 nano-
relevant journals. The mapping of the 85 nano-relevant
journals is provided inFig. 10. The central position of
the core journals is highlighted by using circles around
each of them.

3.3.1. Results from core nanotechnology journals
The year 2000, when the National Nanotech-

nology Initiative was published, can be considered
as a watershed in the history of nanotechnology
(President’s Council, 2005). In addition to the imple-
mentation of national policies that assumed nanotech-
nology/nanoscience as a priority field, the influence
was also reflected in the emergence of new journals
in this field. While the journal Nanotechnology existed
already before 2000, the other two core nano-journals
(Journal of Nanoscience and Nanotechnology, Nano
Letters) were first published in 2001, and these journals
were immediately covered by the SCI in 2002 (that is,
after only 1 year of citations).

Since the first two journals (Journal of Nanoscience
and Nanotechnology, Nano Letters) were not covered

by the SCI until 2002, we collected data in two ways
with the year 2002 as a dividing point. The first way was
to collect the number of papers published in Nanotech-
nology from 1994 to 2004, in order to see the historical
change; the second way was to collect the number
of papers published in the three core journals distin-
guished above from 2002 to 2004. As before, we use
only the articles, letters, notes, and reviews published
in these journals as indicators, and compare China with
the other major countries, the EU-15, and the EU-25 in
terms of their research output on this indicator.

Fig. 11 shows that the USA, the UK, and France
were visible in this context from the very beginning,
while research results with a Chinese address were pub-
lished only since the year 2000. But China’s progress is
remarkable. Its world share increased obviously from
2001 to 2003, and it has become the second largest sin-
gle country (after the USA) since 2003. The share of the
EU-15 has surpassed that of the USA since 2000. The
expansion of the EU with the 10 accession countries
does not make much difference on this indicator.

Fig. 12expands the domain to the three core jour-
nals indicated above. One of the newly added journals
(Nano Letters) is published by the American Chemical
Society and thus part of an elite structure of journals
highly integrated in the American system (Bensman
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Fig. 11. Share of publications in Nanotechnology (Web-of-Science, update date: 29 January 2005).

and Wilder, 1998). The USA, therefore, can expect to
be represented in this set more than the EU. However,
China has become the second largest single country in
2004 in terms of this indicator. While European coun-

Fig. 12. Share of publications in three core nano-journals (Web-of-
Science, 29 January 2005).

tries have declined or remained stable, China and South
Korea have maintained continuous growth trends in
both sets.

3.3.2. Results using the 85 “nano-relevant”
journals

Fig. 13shows the percentage of world share of pub-
lications in the 85 nano-relevant journals. The share
of China increases in an exponential way, while the
increase for South Korea is again linear. The pattern
is very similar to the overall output patterns shown
in Fig. 2 above, but the percentages for some core
countries are much higher than in the previous case.
The UK has a higher percentage share when measured
over the whole file; Japan and Germany have a larger
world share in nano-relevant fields than in terms of their
respective world shares of total publications.

For the USA, the percentage of world share of publi-
cations in nano-relevant fields is higher than the average
for all fields of science as exhibited inFig. 2. After
a decline in 2000, the percentage rises in 2001 after
the publication of the National Nanotechnology Ini-
tiative in 2000. However, the USA’s share decreased
in later years since other relevant countries also began
increasingly to invest in nanotechnology. The recent
evaluation report of thePresident’s Council of Advisors
on Science and Technology (2005, p. 14)mentions this
relative decrease on the basis of a much larger data set
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Fig. 13. Percentage of world share of nano-relevant publications.

(based on collecting all documents using the keyword
“nano*”). In the underlying study,Zucker and Darby
(2005)found also China as the second largest producer
of publications in this “nano*” area.

The EU-15 had a better performance compared to
the USA in the nano-relevant set. Its world share has
remained around 7% higher than that of the USA since
2002. However, the developing trend of both the EU-
15 and the USA were similar, and they all lost some
share after 2001. The addition of the other ten new EU
countries contributed another 4% to the EU’s world
share. However, the trend of the EU-25 was similar
to that of the EU-15 after 2001. The percentage of
world shares of most of the other countries included
in this study are also higher than their respective per-
centage shares of publications inFig. 2. These coun-
tries are Japan, Germany, France, South Korea and
China.

In our opinion, these results indicate that some coun-
tries have surplus capacities to launch more research
in nanotechnology, since expertise and manpower are
available in nano-relevant sciences. One can expect
more publications to come out of the countries with
higher than average percentage world shares in nano-
relevant fields because of available knowledge bases.
However, China has continued additionally to increase
its funding in this field as a priority area and, therefore,
may be able to increase its share further provided that

the conversion of input into output is efficient. Let us
now turn to the issue of the relation between input and
output.

4. Funding and input–output ratios

The funding system of R&D in China is very dif-
ferent from that of Western countries where R&D is
mainly conducted in universities. China’s R&D is con-
centrated in public-sector research, partly because of
the legacy of the Soviet-system of a strong Academy
of Science.3

3 There is still some debate about purchasing power parity (PPP)
in relation to the Chinese RMB’s exchange rate (Davies, 2003; Shi,
2004). Furthermore, the government and higher education expendi-
tures cover all fields of natural sciences (including agricultural and
medical sciences) and engineering (NSE), as well as social sciences
and humanities, while the business enterprise sector covers only the
fields of NSE. There are only a few organizations in the private non-
profit sector. Hence, no R&D survey has been carried out in this
sector, and consequently this data is not available. However, the line
between public and private sectors in China is not easy to draw, due
to this country’s public “branch institutes.” In the past, research by
these institutes was completely funded by the government. With the
further reforms of the S&T system many of these institutes have been
transformed into corporations, and no longer receive public funding.
Since the system is still in transition, some institutes receive both
public and private funding.
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Fig. 14. China’s funding of R&D from 1994 to 2002.

Fig. 14 shows that the Chinese government has
effectively used its public-sector research potential to
boost the knowledge-based economy of the country.
This investment has triggered business expenditure in
R&D (BERD) during the second half of the 1990s.
All growth curves are exponential, but the rates of
growth in GOVERD (“Government Intramural Expen-
diture” or, in other words, public-sector research) are
approximately three times as large as in the univer-
sity sector, and the funding levels are also almost
three times as large. This pattern of government spend-
ing in R&D in China is different from that of the
West. BERD surpassed GOVERD in 1997, and the dis-
tance between the two has increased ever more since
then.

The sustained increase in R&D funding in China
is, of course, backed by the rapid growth of the coun-
try. The ratio of GERD/GDP is an important indica-
tor. The “Lisbon agreement” (European Commission,
2000), for example, set 3% GERD/GDP as a target for
EU nations to be reached by the year 2010. In order
to obtain a picture of the relations between GERD
and GDP, we gathered related data from OECD Main
Science and Technology Statistics, and included data
of the above-mentioned countries, EU-15 and EU-25
(Fig. 15).

Despite the enormous increase of the GDP in the
nominator, the Chinese GERD/GDP ratio has been

increasing exponentially since 1996. From 1996 to
2002, this figure has risen from 0.60% to 1.23%
(OECD, 2005). The percentage in China has doubled
within only 7 years, while this percentage has remained
relatively stable (approximately 1.9%) for the EU-
15 (OECD, 2005). Among the other major countries,
Japan has had the highest GERD/GDP, and it has been
able to maintain a linear growth for this indicator. Since
2001, Japan is the only country whose GERD/GDP
has surpassed 3%. South Korea’s GERD/GDP in 2001
and 2002 were 2.92% and 2.91%, respectively, but
among the European nations only Sweden and Finland
are above the 3% level.4 Among the other EU coun-
tries, the GERD/GDP ratios of Germany and France
were higher than that of the EU-15 on average, while
the UK fluctuated around the average in terms of this
indicator. Interestingly, given the Lisbon objective, one
does not yet see convergence among EU nations on this
indicator.

Industry does not primarily publish scientific arti-
cles, but industrial innovations are reflected in patents
(Jaffe and Trajtenberg, 2002). However, we focus in
this study on the scientific side of the development.
From this perspective, the institutional patterns in Chi-
nese output are more in line with the western counter-

4 Finland had a GERD/GDP ratio of 3.46% in 2002, and Sweden
4.27% in 2001 (OECD, 2004).
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Fig. 15. GERD/GDP of the major countries, the EU-15, and the EU-25 (OECD, Main Science and Technology Statistics, 2005).

parts of China. For example,Fig. 16a and b show the
shares of publications of universities, research insti-
tutes, hospitals, and business included in 2003 in the
domestic CSTPCD and the international SCI, respec-
tively (ISTIC, 2004). As elsewhere, universities are
the largest shareholders, while hospitals and research
institutes also make a considerable contribution to Chi-
nese S&T publications. Hospitals are important pro-
ducers of publications in the domestic sciences, but
not internationally. Public research institutes made in
absolute numbers the second largest contribution to
international science. Enterprise research contributes

only marginally to international publications, but it pro-
vides a share of 6% of the national publications.

In order to make this data comparable with those of
western nations, we have added the Government Intra-
mural Expenditure on R&D (GOVERD) and Higher
Education Expenditure on R&D (HERD) together as
the total government input to R&D. These normal-
ized expenditures (OECD, 2004) can then be plotted
against output measured in terms of the percentages of
world share of publications as provided inFig. 2above.
Fig. 17shows the relations between input and output
for the countries under study and the EU.

Fig. 16. (a) Distributions of domestic publications in 2003 ISTIC. (b) Distributions of international publications in SCI; source: ISTIC.
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Fig. 17. Input–output of major countries, EU-15 and EU-25.

China’s output shows a linear relation with input
(r2 > 0.98). In other words, the increase in R&D expen-
diture by the Chinese government is used efficiently:
with the increase of R&D investment, the country’s
percentage of world share grows proportionally. The
dynamics can thus be considered as a self-reinforcing
mechanism. The possibility to publish internationally
and to participate in the knowledge-based economy
is continuously reinforced within the Chinese system.
For example, researchers at many universities receive
a considerable bonus in their salaries when they pub-
lish in journals that are included in the Science Citation
Index.

The link between funding and scientific produc-
tion is not deterministic, and probably even less
so for highly developed countries. In the Western
(liberal) model, scientific development is relatively
autonomous, while the Chinese government probably
has more steering mechanisms, since it has also inher-
ited elements of the old Soviet model. Notwithstanding
these differences in the mediating mechanisms in the
various countries,Fig. 17 shows several interesting
features at the systems level. For example, German
unification has led to a stepwise increase of output in
relation to similar input in the middle of the 1990s.
Japan exhibits a different pattern because this country
first decreased funding and then expanded it again in

the later part of the 1990s. The decrease did not lead to
a loss in the percentage of world share, but the reversal
of this trend has made the system a bit more productive.

The USA greatly increased intramural funding of
R&D within government agencies after “9/11,” but this
increase has not been reflected in an increase of world
share of publications. One of the reasons might be that
the emergence of other scientific countries like China
and South Korea has put pressure on traditional advan-
tages. However, several European countries and Japan
have also improved their performance on these indi-
cators, albeit more modestly. Another reason might be
that a large proportion of this American funding is spent
on classified research which does not lead to publica-
tions. The input levels between the EU and the USA
were similar, but the efficiency in the EU was higher
than that of the USA. In other words, during the 1990s
the EU has become more productive in terms of scien-
tific publications than the USA.5

The development of the input–output ratio for South
Korea is most remarkable because linear growth was
maintained during a number of years. As noted, Korea

5 There is a parlance that authors might increasingly split one paper
into two or even three, which would cause “paper inflation.” However,
there is no systematic evidence for this inflation, and there is no a
priori reason why this tendency would be different among nations.
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has been a member of the OECD since 1996 and it has
adopted a western pattern of funding. Perhaps more
than any other OECD-country, however, South Korea
defines its performance also in relation to China as a
major competitor. Although South Korea has not been
able to keep pace with China in extending its absolute
data of funding, its GERD/GDP is still much higher
than that of China: in 2002, the GERD/GDP of South
Korea (2.91%) was more than twice that of China
(1.23%).

5. Discussion

We have mainly relied on three databases: the Sci-
ence Citation Index of the ISI, the China Scientific and
Technical Papers and Citations Database of the ISTIC,
and the Main Science & Technology Indicators of the
OECD. These databases are statistical and therefore
introduce uncertainties and potential sources of error.
We noted the ongoing debate in the literature about the
conversion of the Chinese currency into normalized US
dollars in the case of the OECD database. The two pub-
lication and citation databases (i.e., the domestic one
and the international one) both have a problem of repre-
sentation with reference to the underlying population.
In the case of the People’s Republic, we happen to have
a precise count of 4497 scientific journals published in
2003 (Ren, 2004). Of these 1506 were included in the
CSTPCD and 67 in the SCI.
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the UK, and Australia. Four of these countries rank as
the first four in terms of publications in 2004. The part-
nership with Australia points to the importance of the
geographical factor.

When coauthorship relations are normalized, China
appears to have become well integrated into the
Asian-Pacific region during the 1990s (Wagner and
Leydesdorff, 2005). Some authors have recommended
normalizing S&T indicators in terms of the size of the
respective populations. In the case of China as a devel-
oping nation, such a pro capita normalization would
have dramatic effects, and the phenomena to which
we wished to draw attention would completely disap-
pear. The size of the scientific community in a nation
could be considered as another factor. A large scien-
tific community may lead to a relatively large within-
country citation rate, while scholars in small nations
may have to rely more on international colleagues. A
correction of the citation rates of the USA or China for
the within-country citations, however, would have very
large effects on the citation indicator (Seglen, 1997).
This indicator would have a meaning in terms of the
networking of international collaboration and influence
more than in terms of national performance.

6. Conclusions

China has become a major player in the production
of scientific papers. Its contribution to world science
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with their international counterparts in terms of Chi-
nese papers citing articles written by others, but the
cited relations have not yet been established. Journals
which publish in Chinese are not often cited in the
international literature even if they are included in the
Science Citation Index.

China’s performance in nanoscience and nanotech-
nology is remarkable as well. Although it started
research in this field later than the other major countries
like the USA, France, Germany, and Japan, China’s
world share of publications in nanotechnology has
increased rapidly. Using various indicators, we found
China in 2004 in the second position behind the USA.
China’s potential in further expanding research in this
field is large as well, which can be seen through its
higher world share of publications in nano-relevant
fields compared with its world share of publications
over the entire file. In 2004, China’s world share of
publications was on average 6.52%, while its world
share in nano-relevant publications was 8.34%. The
increase rates for the exponential fits of the curves are
correspondingly higher (the coefficients of the expo-
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slowly in terms of this indicator, but they are still more
than one percent below the target of 3% (GERD/GDP)
set by the “Lisbon” agreement. The USA’s investment
is higher than that of the EU countries, but with less
output in scientific publications.

As mentioned above, there are 4497 scientific jour-
nals published in mainland China in 2003 (Ren, 2005),
among which, only 67 were included in SCI in that
year, while 274,438 papers were included in the 1576
journals covered by the CSTPCD in 2003. This data
shows that China has huge human resources in science
and technology. With exponentially increasing fund-
ing and proper guidance of scientific policies, one can
expect that China’s increased momentum in scientific
publications is sustainable. The problem for China is
not the production of scientific publications, but the
dissemination and visibility of scientific publications
in the international communication system of science.

7. Policy implications

During the period 1997–2001, China’s percentage
of world share of citations was only 1.56%, standing in
the thirteenth position in the world. It seems that Chi-
nese citation rates are not compatible with its number of
publications. The c/p (citations over publications) ratio
was only 2.96 during this period, while the highest ratio
was that of 9.69 in Switzerland (King, 2004). Some
authors have analysed this lagging behind of citations
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international communication without further efforts.
Of course, a high-quality paper needs to contain nov-
elty, but this is not a sufficient condition for its diffusion.
The production and diffusion of knowledge are dif-
ferent dynamics. The dynamics of production involve
developing and designing a research project, gather-
ing funding and other resources, and then conduct-
ing the research. It involves communication between
researchers and research administrators who control
research funds.

The diffusion rate is limited by the quality of the
communication dynamics among the authors, their
audiences, and the editorial boards of scientific jour-
nals. At this stage, the quality of communication skills
(e.g., one’s ability to organize a paper in English), com-
munication channels, and communication networks are
key factors that affect the communication results and
therewith the visibility of publications. From this sec-
ond perspective, we are able to make the following
suggestions for improving China’s performance at the
global level of science.

7.1. Focus on international journals

High-quality journals attract more scientific readers,
and publication in such journals leads to higher visibil-
ity and therefore higher citation rates. Chinese scien-
tists may consider changing their focus from domestic
journals to international ones, especially those with
high impact factors. When analysing the citation pat-
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ystem for research proposals; research output is
nvestment in basic research is too low; and the hig
ducation system is not sufficiently internationaliz
owever, our analysis points in another direction.
fficiency of the Chinese system is not low and is

ncreasing. The citation rate is also increasing e
entially, but this development is delayed and not
ortionate to the increase in the publication rate.

In addition to continued attention to improving t
uality of research, it therefore may be urgent to
easures to increase the visibility of Chinese pub

ions. Most scientists are inclined to think that a hi
uality research result will be noted and resonate in
erns of Chinese journals, we found that Chinese
als have remained isolated from the internati
ommunity even if they are published in English
ncluded in the SCI. The visibility of Chinese author
orld science has remained relatively low. This me

hat papers published in Chinese journals cannot
s much impact as those published in internati

ournals in English. Therefore, publishing papers
nternational journals is one way to increase the in
ational visibility of Chinese papers.

China has a communication system of national j
als which may be extremely important for the dif
ion of scientific knowledge into the economy. T
ystem is a legacy of the previous period with
mphasis on autarchy. In the current transition
nowledge-based economy, this “Mode 2” set of jo
als that is already integrated with its applicatio
ontexts (Gibbons et al., 1994) may itself be an asse
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However, these journals should not be used as alterna-
tive output channels for academic publications which
can also be published internationally. The differenti-
ation between these two publication systems can be
made a subject of further reflection.

Competition to publish papers in international jour-
nals, especially high impact journals, is fierce. With the
pre-condition that research is original and/or leading-
edge, the author’s writing ability in English is very
important in this stage. A scientist needs to make
his/her paper well-organized and to highlight the points
that are original or creative. In general, the ability to
present a paper that properly reflects the significance
of research is a very important skill in scientific com-
munication.

7.2. Improve the quality and visibility of Chinese
journals

Chinese journals are still by far the main chan-
nels for Chinese scientists to communicate with their
international counterparts. Their quality and visibil-
ity directly influence the citation rates of Chinese
papers negatively. High-quality journals need high-
quality papers. Absorbing high-quality papers, espe-
cially papers produced by influential world scientists,
affects a journal’s quality. The relatively low quality
and international attractiveness of Chinese journals has
already been recognized by the Chinese government.
The Ministry of Science and Technology (MOST)
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available to Chinese scientists and provide access to
research networks for Chinese publications, thus rais-
ing their visibility. After a cooperation project is fin-
ished, Chinese scientists should remain in close touch
with their international counterparts to ensure that
collaboration and communication are sustained. In
recent years, China has broadly expanded its scientific
cooperation, which can be seen through the continu-
ously increased number of coauthored scientific papers
(Wagner and Leydesdorff, 2005). However, more
chances and possibilities still exist and remain to be
explored.
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