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A B S T R A C T

The recent and rapid ascent of China into today's scientific powerhouse is increasingly debated in circles of 
economic politics and policy making. Yet, we still know relatively little how such rise has materialized in terms of 
Chinese scientists' openness to international collaborations and relative focus on high-impact research, partic
ularly in relation to the U.S. Leveraging a unique, curated database of over 25 million scientific publications from 
2008 until 2020, we aim to fill this gap and empirically investigate: (1) the extent to which collaboration of 
China-based researchers with scientists from other countries has materialized; (2) how competition in producing 
high-impact research has evolved for China, especially vis-à-vis the U.S., in the global production of science; and 
(3) whether specialization in well-defined fields has characterized China's ascent in science and, if so, in which 
areas. Our findings show that China's rise as a leading player in global science has importantly built on opening 
its knowledge production to collaboration, both domestically and internationally. This has been paired with a 
remarkable focus on high-impact research. Recently, China has entirely closed the gap with the U.S. in terms of 
contribution to the global top 1 % high-impact scientific production, specializing in four key fields – engineering/ 
electrical/electronic, materials science, physics, and chemistry. Our study sheds new light on the changing 
landscape of global scientific production and opens several avenues for future research.

1. Introduction

The geographical landscape of scientific production witnessed two 
major changes over the course of the last two decades. First, the rise of 
China as a scientific global powerhouse. In 2018, for the first time in 
history, China overtook the U.S. in terms of the total number of scientific 
publications (Tollefson, 2018). A growing number of studies have 
documented the rapid ascent of Chinese science and focused on a variety 
of important facets of this successful journey – from China's catching up 
in artificial intelligence (Lundvall and Rikap, 2022), to the technological 
diversity of patent applications filed at China's State Intellectual Prop
erty Office (Zhu et al., 2022). While the U.S. continues to remain the 
leader in high-impact research, the massive surge of Chinese academic 
output has revolutionized the global scientific landscape. The second 
major change is that science in general has become increasingly inter
national over the course of the last decades. In terms of reach, scientific 
outputs have become progressively more available across geographical 
regions to maximize their impact. On the production side, scientists 

across disciplines have increased their international collaborations 
(Claudel et al., 2017; Csomos et al., 2020).

Yet, no empirical study has explored the connection between these 
two important trends. To fill the gap, we leverage a unique dataset on 
the global production of scientific knowledge to empirically investigate 
the extent to which China's recent rise as global scientific powerhouse 
has coincided with its increased participation to the international 
network of academic knowledge production. We still know relatively 
little about the collaborations that Chinese scientists have undertaken, 
both domestically and internationally. In times of a fracturing world and 
in view of the growing geopolitical tensions, especially arising between 
the U.S. and China, our work aims to empirically determine whether 
China's academic rise can be best contextualised (as it often is) in a pro- 
isolation narrative that underscores an orientation towards self- 
sufficiency. In other words, has China really opened its scientific 
knowledge production to international collaborations? And, if so, what 
patterns of collaboration have underpinned its success, also in relation 
to the production of high-impact research?
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To provide an answer to these important questions, we focus on three 
fundamental features of scientific creation and dissemination, and pro
vide an empirical analysis of both differences and similarities of China's 
trajectory vis-à-vis the ones of other scientific powerhouses, with 
particular emphasis on the U.S. Specifically, we focus on: (1) the extent 
to which collaboration of Chinese-based researchers with scientists from 
other countries has materialized and how this compares to patterns of 
collaborations observed in other countries; (2) how competition in 
producing high-impact research has evolved, especially vis-à-vis the U. 
S.; and (3) whether specialization in well-defined fields has character
ized China's ascent in science and, if so, in which specific areas, and 
whether major differences with other key countries are identifiable. To 
do so, we rely on a unique, curated database of over 25 million scientific 
publications from 2008 until 2020, sourced from Clarivate's Web of 
Science (WoS) database and curated by the Centre for Science and 
Technology Studies, Leiden University.

The empirical results we obtained show that: (1) China-based re
searchers have considerably increased their openness to scientific col
laborations, both domestically and internationally. Their reliance on 
within-country collaborations is still one of the highest. Yet, the rela
tive increase of international collaboration has also been the highest, 
only closely trailed by Brazil; (2) China has turned into a highly inte
grated player, especially vis-à-vis the U.S., in the global production of 
science and, especially, in relation to high-impact publications. The 
contribution to the global top 1 % highly cited scientific production was 
49 % and 10 % for the U.S. and China respectively in the 2008–2010 
period. Ten years later, in the 2018–2020 period, U.S.'s share declined to 
37 % while China's rose up to 31 %, with U.K. being the only country 
other than the U.S. and China with double digits contribution rates 
(~13 %); (3) Four crucial fields – engineering/electrical/electronic, 
materials science, physics, and chemistry – have been at the core of 
China's specialization, with increased international collaboration that 
has materialized especially in the first two.

Our study contributes to a more nuanced understanding of the 
internationalization of science in three ways. First, it provides empirical 
insights into how the science landscape has evolved globally, especially 
regarding China's role as a global powerhouse. Second, it documents 
how Chinese researchers have contributed to scientific knowledge via an 
increased exposure to international collaborations. Our comparative 
analyses showcasing the patterns associated with the other countries 
topping the list of scientific contributors deepens our understanding on 
how international collaboration and competition in science have 
changed over the past decade. Third, the insights from our work open 
important new avenues for further research. While our aim is to 
empirically document the shifting dynamics of global scientific knowl
edge production – leveraging a unique, curated database of over 25 
million scientific publications – the results obtained provide a rich 
empirical canvas that we hope will trigger theoretically informed 
research designs on the causes and consequences of this shift.

The rest is organized as follows. The next section gives a brief 
overview of relevant research on the global race to scientific production 
and the role China has played until now. Then, we describe our dataset 
and methodology and present our empirical findings. The final section 
contains a discussion on the relevance of the findings obtained and their 
implications for future research, as well as our concluding remarks.

2. China and the global race to scientific production

A sizable number of studies have mapped the production of scientific 
knowledge around the world. The changing balance of power in the 

academic world in terms of which countries dominate global knowledge 
production lies at the heart of the interest in this work. Research Policy 
has published nearly 80 studies with an explicit and/or exclusive focus 
on China.1 The majority of these articles have appeared in the recent 
past, corroborating the increasing relevance of China in the global sci
entific landscape. Topic-wise, this body of research has looked at how 
China has increased its production and dissemination of scientific 
research. Most notably, studies have observed how Chinese universities 
have developed a unique research culture, where collaboration among 
scholars is influenced by networks (Li et al., 2015). China's policies have 
encouraged scholars to publish both domestically and internationally, 
thereby attracting top returnee scholars (Liang et al., 2022). Public 
funding in China has levelled the playing field for researchers, enabling 
participation from newcomers and those affiliated with less prominent 
institutions (Hu, 2020), although differences between prominent and 
less prominent institutions remain (Yu et al., 2022). A favourable 
environment for research and a supportive academic system has thus 
helped increase China's academic research output.

Recent studies have also suggested the presence of a clear relation
ship between academic research and business innovation in China, 
where strong research capabilities have contributed to increased market 
valuation (Hsu et al., 2021). The expansion of higher education is linked 
to an increase in innovation, as seen in the rise of trademark applications 
(Shu and Wang, 2023). Additionally, Ju et al. (2023) highlight the role 
of academic leaders in driving firm innovation, showing a growing trend 
of academic entrepreneurship. These studies have documented the 
impact of academic research in advancing innovation in the Chinese 
context.

China's rise as a scientific powerhouse has been influenced not only 
by academia but also by increased exposure to global trade and 
favourable policies. Government initiatives and R&D subsidies have 
encouraged innovation within Chinese firms (Guo et al., 2016). Studies 
by Mao et al. (2021) and Guo et al. (2023) discuss how industrial policies 
and regional clusters support technological growth and productivity in 
China. These clusters are important for knowledge sharing, competition, 
and resource distribution. Furthermore, Howell (2015) explores how 
“indigenous innovation” affects the survival of new companies in China, 
influenced by factors such as timing, nature of innovation, as well as 
risks. Rikap (2022) explores how corporate and national systems grow 
together, while Liu et al. (2024) and Xiao et al. (2024) explore how 
knowledge integration and intellectual property laws have contributed 
to growth in company value in China.

Previous studies have shown that researchers who collaborate with 
others generate more highly cited and high-impact research than 
scholars working independently (Wuchty et al., 2007; Mukherjee et al., 
2017), as collaboration fosters the recombination of novel ideas with 
existing knowledge (Uzzi et al., 2013). Based on this stream of research 
and recent evidence suggesting the increasingly collaborative nature of 
scientific projects (Claudel et al., 2017; Csomos et al., 2020), we can 
expect that China's rise as global scientific powerhouse is connected with 
the increased levels of scientific collaborations, especially domestic 
ones. When it comes to international collaboration, previous research 
has also pointed at some specific challenges, such as the “barriers to 
networks” faced by Chinese scientists working on emerging technologies 
abroad (Leung, 2013). Thus, the extent to which scientific collaborations 
– especially across borders – have contributed to China's rise in the 
global production of scientific knowledge is not straightforward and yet 
to be determined. More generally, no prior work has documented how 
changes over time in the type of collaborations that Chinese scientists 
have undertaken, both domestically and internationally, differ from 

1 We used Clarivate's Web of Science (WoS) to perform the following search 
algorithm: (1) “China” OR “Chinese” (All Fields) AND (2) “Research Policy” 
(Publication Title). The exact number of studies appearing as a result of this 
search is 78.
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other countries (In the Online Appendix, we provide an overview of 
previous works that have focused on China's scientific production and 
how our work differs from these prior studies).

To fill this gap in the literature, our empirical focus is on: (1) the 
extent to which collaboration of Chinese-based researchers with scien
tists from other countries has materialized and how this compares to 
patterns of collaborations observed in other countries; (2) how compe
tition in producing high-impact research has evolved, especially vis- 
à-vis the U.S.; and (3) whether specialization in well-defined fields has 
characterized China's ascent in science and, if so, in which specific areas, 
and whether major differences with other key countries are identifiable. 
In the following section, we describe the dataset and then move to the 
presentation of our findings.

3. Data and methods

Our analysis is based on Clarivate's Web of Science database (WoS). 
Specifically, we use the in-house version of WoS at the Centre for Science 
and Technology Studies (CWTS) at Leiden University from April 2023. 
The in-house version of WoS has been enriched by CWTS in a number of 
ways relevant to this research. Specifically, CWTS (1) performs its own 
citation matching (i.e., matching of cited references to the publications 
they refer to); (2) pays particular attention to the allocation of publi
cations to universities and organizations in a consistent and accurate 
manner (Waltman et al., 2012); (3) performs geocoding of the addresses 
listed in publications and disambiguated authors (Caron and van Eck, 
2014). We consider publications published in 2008–2020 that are 

categorized as either Article, Review, Letter or Proceeding Paper (see 
Table S5 in the Online Appendix for further details and analyses asso
ciated with these categories). Publications with missing author- 
affiliation linkages are excluded, as well as publications for which one 
(or more) of its listed affiliations has neither an associated geolocation 
nor organization (including universities). This leaves us with a total of 
25.2 million publications (87 %), covering 198 countries with 31.8 
million unique authors. Highly cited publications (top 10 % and top 1 %) 
are determined per publication year and scientific field to prevent fields 
with high average citations from dominating the highly cited publica
tions. This means that we do not look at journal metrics – e.g., journals' 
impact factor that measure the average impact of articles published in a 
given journal – but solely consider the impact at the level of individual 
articles (see the Online Appendix for further details and additional an
alyses including journal metrics). We determine the highly cited publi
cations based on citations received within 3 years of publication. Hence, 
2020 is the most recent year that could be added to the sample for the 
purpose of our analysis. Table 1 provides key statistics relative to the 
sample of articles used in our analysis (see the Online Appendix for 
additional descriptives).

4. Results

We organize the findings in three main sub-sections. The first focuses 
on collaboration in scientific teams; the second investigates the char
acteristics of high-impact research; the third focuses on specific patterns 
for individual scientific fields. For each sub-section, we first provide our 

Table 1 
Descriptive statistics of our sample for the top 15 countries in terms of total scientific production in the period 2008–2020.

Total 
publications

Single author Multiple author

Single 
affiliation

Domestic publications International publications

All Multiple 
countries

All All Average 
affiliations 
per 
publication

All Average 
affiliations 
per 
publication

Average 
countries per 
publication

Average 
percentage of 
domestic 
publications

Percentage of 
publications with 
all domestic 
authors

Global 25,198,102 9.2 0.5 27.3 41.9 3.0 21.5 3.9 2.3 X X

Top 15 
countries

Percentage of 
global 
publications

Percentage of national publications

United 
States

23.9 9.4 0.7 18.5 37.4 3.2 34.7 4.4 2.5 45.7 2.8

China 18.1 3.0 0.2 30.2 44.2 2.7 22.6 3.8 2.3 50.0 2.2
United 

Kingdom
7.1 12.7 1.7 15.3 19.3 2.8 52.8 4.6 2.7 39.4 3.3

Germany 6.4 6.5 1.0 19.6 23.5 2.9 50.4 4.7 2.8 41.2 3.7
Japan 5.0 4.3 0.3 23.9 43.6 3.1 28.1 4.6 2.6 44.3 2.2
India 4.5 4.3 0.3 39.9 36.9 2.5 19.0 3.9 2.5 45.2 1.1
France 4.4 7.0 1.0 12.0 26.9 3.4 54.2 4.9 2.8 42.1 2.9
Italy 4.2 6.8 0.8 18.1 31.4 3.1 43.8 5.0 2.9 43.3 2.4
Canada 4.0 7.9 0.8 17.9 24.6 3.2 49.5 4.7 2.6 41.0 3.0
Spain 3.7 9.5 0.6 19.7 27.4 3.0 43.4 4.8 2.8 42.7 2.4
Australia 3.5 9.3 1.1 14.5 25.5 3.1 50.7 4.6 2.6 41.9 4.0
South Korea 3.2 3.4 0.2 24.0 45.3 3.0 27.3 4.2 2.5 46.3 1.8
Brazil 2.8 7.0 0.4 18.7 45.8 3.0 28.6 4.5 2.6 46.6 1.7
Russia 2.7 15.1 0.7 30.0 28.8 2.5 26.2 4.4 2.7 43.2 1.8
Netherlands 2.2 6.0 1.3 12.6 24.1 3.2 57.3 5.3 3.0 38.9 4.4

Details of the above-mentioned statistics: 
● “Global”: This indicates all publications in the dataset, thus including all single author, single affiliation, domestic, and international publications.
● “Single author”: This indicates the percentage of publications with a single author.
● “Single author, Multiple countries”: This indicates the percentage of publications with a single author who is affiliated with multiple countries.
● “Single affiliation”: This indicates the percentage of publications with multiple authors who are affiliated with a single institution.
● “Domestic/International, Average affiliations per publication”: This indicates the average number of affiliations per publication categorized as either domestic or international.
● “International, Average countries per publication”: This indicates the average number of countries involved per international publication.
● “International, Average percentage of domestic affiliations”: This indicates the average percentage of affiliations on international publications that are domestic to the country in 

question.
● “International, Percentage of publications with all domestic authors”: This indicates the percentage of all publications that are international, where all authors have affiliations in the 

country in question.
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results considering the global sample and then move to country-level 
statistics, with particular emphasis on China. Fig. 1 illustrates the evo
lution in terms of country relevance on the publication of scientific ar
ticles. It confirms the remarkable rise of China vis-à-vis all other 
countries tracked, as well as the relative drop of the U.S. in the period 
under scrutiny. The rise of China is particularly remarkable given the 
relative stability of almost all other countries included here.

4.1. Competition for high-impact research

First, we need to establish where, in the range of successful scientific 
production, China is positioned. After all, a well-known criticism of 
Chinese knowledge production is that it favours quantity over quality. 
However, our results suggest that this is not the case. Fig. 2 presents, for 
selected countries, their contribution to the top 10 and top 1 % of 
publications. While the U.S. still leads in both categories, its percentage 
contribution has steadily decreased over time. Having said that, China 
has demonstrated remarkable and consistent growth. Among the top 1 % 
highly cited publications, the share by the U.S. dropped from 49 % 
(2008–2010) to 37 % (2018–2020), while China's share increased from 
10 % to 31 %. A similar trend is observed in the top 10 % highly cited 

publications, with the U.S. share declining (39 % to 31 %) and China's 
share rising (12 % to 29 %). It is notable that already for about 15 years, 
China has outperformed all countries but the U.S.

Besides the declining share of the U.S., other European and devel
oped countries such as Germany, Japan, and France have also seen a 
decrease in their shares, with declines ranging between approximately 
1–2 % for each county in both categories. As per the most recent data, 
the U.S. and China stand at a near equal footing. This implies that the 
growth in Chinese scientific production has been challenging the top-tier 
position of the U.S., not just in terms of quantity but also in relation to 
quality. These results raise questions on how China has actually been 
able to fill the gap in just a decade as well as on the implications for the 
future global research leadership in high-impact scientific research 
production. The pattern visualized in Fig. 2 suggests a substantial nar
rowing of the historical dominance of the U.S. in top-tier research.

4.2. Collaboration in the production of science

We now turn to our main questions: has China opened its scientific 
production to international collaborations? If so, to which extent? Fig. 3
shows the percentages of publications with certain team formations for 

Fig. 1. National contribution to global scientific production over time.
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the entire global scientific production. The International category in
cludes publications with collaboration across different countries; the 
Domestic category includes publications with collaboration between 
authors occurring within a single country; the Single Affiliation category 

includes publications where all authors are affiliated with the same 
institution; and the Single Author category includes publications auth
ored only by one individual. Here, the International, Domestic, Single 
Affiliation, and Single Author categories are mutually exclusive and add 

Fig. 2. National contributions to the global scientific production of top 10 % (left panel) and top 1 % (right panel) highly cited publication.

Fig. 3. The global trend in collaboration types: Single author, single affiliation, domestic, and international. 
Details of the above-mentioned statistics: 
• “Single author”: This indicates the percentage of publications with a single author. 
• “Single affiliation”: This indicates the percentage of publications with multiple authors who are affiliated with a single institution. 
• “Domestic”: This indicates the percentage of publications with multiple authors among multiple institutions all in the same country. 
• “International”: This indicates the percentage of publications with multiple authors among multiple institutions over more than one country.
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up to 100 % of the publications. As such, an international publication 
that includes a domestic collaboration is counted only towards Interna
tional. Fig. 3 shows a clear rise in single-authored publications in the 
dataset, although this decreases somewhat over the most recent years. 
At the same time, the results we obtained also show a steady increase in 
collaboration in research. These numbers may partially reflect an in
crease in data completeness as well. The decreasing percentage of single- 
affiliation publications points at increasing levels of domestic collabo
rations across institutions, which goes together with a steady increase of 
international collaborations.

When we zoom in on specific countries, we see some deviating pat
terns (Table 2). For instance, the U.S. shows a decrease in domestic 
publications and an increase in international publications, consistent 
with the experienced trend of the internationalization of science. Similar 
trends of a pivot towards international collaboration are playing out for 
other western countries as well, including the U.K., France, The 
Netherlands, and Australia. However, China shows a markedly different 
pattern: a significant growth in both domestic and international col
laborations. China experienced a growth of 37 % in domestic collabo
rations, and of 38 % in international collaborations – second only to 
Russia in terms of domestic collaborations and slightly ahead of Brazil in 
terms of international collaborations. Furthermore, China stands out as 
the only country, other than Brazil, among the top 15 with nearly no 
increase in the percentage of single-authored publications. With only a 
1 % increase, China had the lowest rate among all countries in this 
category. Hence, these results illustrate that China has opened its sci
entific production to collaborations in the period under scrutiny. This 
increased openness to collaborations has not only materialized within its 
national borders, but also, importantly, through cross-border 
collaborations.

The opening up of China's knowledge production leads to the ques
tion of which countries Chinese scientists have been partnering with. 
Specifically, have Chinese scientists built alternative networks next to 
the dominant centre of knowledge production around the U.S.? Or have 
they increasingly partnered with U.S.-based scientists, hence engaged 
with the primary centre of global scientific production? To shed light on 
this issue, Fig. 4 provides a comparison between the U.S. and China, 
analysing their involvement in other countries' scientific research be
tween the first and last time periods considered. For each country, it 
plots how big a part China, or the U.S., have played within that country's 
scientific system. From 2008–2010 to 2018–2020, the U.S. maintained a 
relatively stable network position in its international involvement. Many 
countries have worked together with scientists from the U.S., signalling 

their hegemonic position in knowledge production. Some small changes 
have taken place – for instance, a diminishing share of involvement of U. 
S. science in Australia's international scientific production.

Most revealing is the high level of involvement of U.S. scientists in 
Chinese international research. While China and the U.S. have been 
competing for global dominance in knowledge production, our results 
suggest that they have done so in tandem in the period considered. 
Zooming in on China's network position, we do see significant differ
ences. First, only a few countries heavily involve Chinese scholars in 
their international knowledge production. This indicates that while 
China has opened to increased scientific collaborations, it has done so 
with a clear focus. Our results show that this focus – at least until 2020 – 
has been on core western (oriented) countries, such as the U.S., 
Australia, but also Japan. These countries involve Chinese researchers in 
a relatively large percentage of their international academic production. 
Specifically, our findings indicate that over 25 % of U.S.-based inter
national production of research in the 2018–2020 period has involved 
China-based scientists. Interestingly, when restricting our focus to the 
top 1 % high-impact research, we found that U.S.-based international 
production involving China-based authors has nearly tripled over time – 
rising from 11 % in 2008–2010 to 34 % in 2018–2020. China-based 
international production of top 1 % high-impact research has relied 
upon US-based authors to an even larger extent. Interestingly, this has 
slightly decreased over the last decade – moving from 48 % in 
2008–2010 to 46 % in 2018–2020. It is interesting to note that for both 
the U.S. and Russia we see an increase in the involvement of Chinese 
researchers in their international production. Having said that, the U.S. 
and Russia remain relatively disconnected from each other.

If we look at the changes over time, our results show that China has 
strengthened its involvement in other country's international knowledge 
production, primarily with a set of core western (oriented) countries. 
This implies that knowledge production in such countries has become 
increasingly intertwined with Chinese scholarship and that, in turn, 
China is now at the heart of global scientific knowledge production.

4.3. Specialization across scientific fields

Finally, we consider the fields where China stands out, as displayed 
in Table 3. While China's contribution to the global share has increased 
across all fields, accompanied by a rise in international collaboration, we 
do see a trend of specialization. The fields of Engineering/Electrical/ 
Electronic, Materials Science, Applied Physics, and Multidisciplinary 
Sciences and Physical Chemistry collectively accounted for 39 % of 
China's domestic scientific output, reflecting their major contribution to 
the country's scientific production. In addition, for Applied Physics, 
China's global contribution share grew by 111 %. In contrast, while 
Applied Physics is a top 5 field for the U.S., the country saw a 33 % 
decrease in that field, and even a 43 % decrease in top 1 % publications 
(see Table S2 in the Online Appendix). In fact, the U.S. has reported 
decreasing numbers in all the top 20 fields most dominant in U.S. sci
entific production, while China has increased its (high impact) pro
duction there. As a result, while Engineering/Electrical/Electronic 
remains the top scientific production field for the U.S., China has out
performed the U.S. in both overall and high-impact production in such 
field (see Table S1 and Table S2 in the Online Appendix). Within Chinese 
science, fields like Oncology, Multidisciplinary Sciences, and Environ
mental Sciences have experienced substantial growth. For example, 
Oncology's share of China's production increased by 171 % from 
2008–2010 to 2018–2020, followed by Multidisciplinary Sciences (with 
a 165 % increase) and Environmental Sciences (with a 119 % increase), 
indicating a growing specialization in these areas. Our analysis shows 
that China is dominant – i.e., having the highest contribution in relation 
to the field's global production – in the fields of Automation & Control 
Systems; Engineering; and Manufacturing Metallurgy & Metallurgical 
Engineering (see Table S3 and Table S4 in the Online Appendix).

It is interesting to note that, in Computer Science, including Artificial 

Table 2 
Percentage change in publications for each collaboration type between the 
initial and final years (using a three-year average).

Country Single author 
publications

Single 
affiliation 
publications

Domestic 
publications

International 
publications

United 
States

83.9 − 44.0 − 4.9 25.3

China 1.4 − 47.0 36.5 38.4
United 

Kingdom
81.8 − 56.4 − 20.0 23.1

Germany 130.6 − 41.6 − 3.5 14.3
Japan 270.5 − 37.5 − 0.7 27.1
India 76.8 − 22.1 14.8 16.4
France 71.0 − 53.8 − 13.8 20.7
Italy 95.2 − 42.8 − 5.6 20.9
Canada 54.7 − 46.1 − 6.9 22.4
Spain 34.1 − 47.1 − 2.2 29.7
Australia 14.1 − 54.4 − 13.0 33.4
South Korea 154.2 − 30.3 2.2 20.9
Brazil − 4.8 − 33.2 − 1.1 37.5
Russia 67.5 − 28.9 46.0 − 20.2
Netherlands 68.3 − 51.2 − 22.3 25.2
Global 73.0 − 35.5 9.8 19.3
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Fig. 4. International production: United States and China (2008–2010 vs. 2018–2020). 
The figure shows what percentage of country X's international production involves either the United States or China during a certain period. The percentages for each 
country X with at least 10 international publications are shown in the figure.

Table 3 
China's top 20 scientific fields (2008–2010 vs. 2018–2020).

Web of Science category/ 
field

Average yearly 
Chinese production 
in field

Percentage of Chinese total domestic 
production in field

Percentage of global field's production 
that involves China

Percentage of China's production in the 
field that is international

2008–2020 Percentage change 
from 2008–2010 to 
2018–2020

2008–2020 Percentage change 
from 2008–2010 to 
2018–2020

2008–2020 Percentage change 
from 2008–2010 to 
2018–2020

Engineering, Electrical & 
Electronic

42,768 12.22 − 30.12 26.26 37.98 19.45 89.70

Materials Science, 
Multidisciplinary

38,823 11.09 13.62 35.34 63.73 19.29 51.05

Physics, Applied 19,606 5.60 3.37 24.72 110.72 24.03 16.96
Chemistry, 

Multidisciplinary
17,753 5.07 30.81 29.14 70.96 20.99 58.87

Chemistry, Physical 17,409 4.97 8.85 29.62 91.43 24.11 43.02
Environmental Sciences 13,924 3.98 119.32 25.80 113.27 26.61 20.74
Computer Science, 

Information Systems
13,441 3.84 − 9.26 27.59 37.47 20.98 152.96

Computer Science, 
Artificial Intelligence

13,079 3.74 − 39.82 26.84 8.28 19.79 116.68

Telecommunications 13,024 3.72 1.75 28.59 68.02 23.44 86.55
Energy & Fuels 12,952 3.70 85.50 30.68 60.34 19.38 77.76
Computer Science, Theory 

& Methods
12,518 3.58 − 43.55 21.66 8.07 19.14 108.86

Optics 12,388 3.54 − 10.39 27.82 89.77 17.44 9.27
Automation & Control 

Systems
12,155 3.47 − 41.65 40.82 5.11 13.96 101.26

Engineering, Mechanical 11,682 3.34 − 13.44 32.62 42.81 13.54 83.52
Nanoscience & 

Nanotechnology
11,486 3.28 53.15 30.56 132.29 27.09 31.45

Biochemistry & Molecular 
Biology

10,306 2.94 10.41 18.13 137.07 24.68 − 11.82

Oncology 9412 2.69 171.30 22.85 293.81 20.85 − 52.13
Engineering, Chemical 9377 2.68 60.67 29.43 118.94 19.05 51.77
Multidisciplinary Sciences 8476 2.42 165.32 17.49 68.31 35.00 22.68
Physics, Condensed Matter 8001 2.29 − 6.50 25.32 109.14 24.48 22.31

Statistics are provided for the 20 most productive fields in China, showing: (1) their importance within Chinese science; (2) their importance within the field globally; 
and (3) the share of publications involving international collaboration. Additionally, the percentage change from 2008–2010 to 2018–2020 is shown for each field.
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Intelligence and Theory & Methods, as well as Automation & Control 
Systems, China's domestic production share declined, yet these fields 
have seen substantial growth in international collaboration. The 
collaboration rates were highest for Computer Sciences: 153 % for In
formation Systems, 117 % for Artificial Intelligence, and 109 % for 
Theory & Methods, with Automation and Control Systems at 101.26 %. 
This is relevant in view of the current global innovation race towards 
generative AI. Overall, the trend of increased international collaboration 
is evident across most fields.

Across all scientific fields in the Table 3, there has been an increase in 
global importance, with growth rates ranging from 5 % to nearly 300 % 
from 2008–2010 to 2018–2020. Even in fields where there's a decline in 
international collaboration – such as Oncology and Biochemistry & 
Molecular Biology, there is an increase in their production share at a 
global level. For instance, in Oncology, there has been a 294 % growth, 
while Biochemistry & Molecular Biology has experienced a growth rate 
of 137 %.

5. Discussion and conclusion

Our work documents important evolving patterns in global scientific 
research. In our analysis, we focused on team composition, competition 
for high-impact research, and specialization across scientific fields. In 
relation to collaboration, our results empirically document a global 
trend towards increased collaboration, both domestically and interna
tionally. Science is increasingly a team effort, and co-authorships are 
increasingly crossing borders. In this context, China shows some of the 
highest growth rates in both domestic and international partnerships. Its 
growth rate in domestic as well as international collaboration over the 
initial and final years of the period under scrutiny was far above that of 
the U.S., U.K., Germany, Japan, France, Italy, among others. Thus, our 
findings show that China has importantly opened to collaborations, both 
at home and internationally, throughout its trajectory to become a 
global scientific powerhouse.

In competitive terms, China not only ranks second to the U.S. in 
terms of the share of global scientific publications, but it has also 
emerged as a producer of high-impact scientific research, being promi
nently involved in top 1 % and 10 % highly cited publications. In the 
2018–2020 period, it already held the second position in terms of top 1 
% and top 10 % cited publications. Furthermore, while the U.S. has 
historically led in top-tier publications, China's consistent growth 
already nearly matched that of the U.S. in 2020. Our results thus 
document a major shift in global research leadership. When it comes to 
specialization, China has focused on four key areas – engineering/ 
electrical/electronic, materials science, physics, and chemistry – that 
account for 39 % of the country's domestic scientific output. Its contri
bution at a global level is remarkable across all fields, and a trend of 
increased international collaboration is evident in almost all fields.

Our study thus contributes to a more nuanced empirical under
standing of the major disruption that global research production has 
recently witnessed in three ways. First, scientific production is increas
ingly a team effort and China has embraced this trend fully, both 
domestically and internationally. In times of a fracturing world and in 
view of the growing geopolitical tensions, especially arising between the 
U.S. and China, it is important to emphasize that China has drastically 
increased its share of international collaborations over the past decade. 
Our analyses show that Chinese knowledge production has tapped into a 
select few but core national knowledge production systems. This is 
contrary to the pro-isolation narrative that is frequently mentioned 
when contextualizing China's recent orientation towards self- 
sufficiency. Second, China and the U.S. are the two countries that 
dominate in high-impact research. Whereas, in the 2008–2010 period, 
the U.S. was the only true powerhouse of high-impact research, in less 
than 10 years China has been able to fill the gap entirely. If this pattern 
persists going forward, China is projected to become the world's largest 
producer of high-impact research in the coming years. Third, 

specialization matters, even for the world's largest producers of scientific 
knowledge. Investing in core areas and excelling in those is an important 
way to attract collaborations and remain an integral part of scientific 
networks.

Our work is not without limitations. While we were able to rely on 
one of the most extensive datasets on academic publications available 
today, international scientific and technological cooperation is not 
limited to publications only. We leave out, among others, research 
funding, country-level institutionalised collaborations, as well as grad
uate student exchanges. Focusing on these represents an interesting 
avenue for future research. At the same time, Xie and Freeman (2019)
convincingly argue that China's contribution to global science exceeds 
estimates based on the proportion of papers with Chinese authors, as we 
use here. Additionally, our reliance on the Web of Science implies we 
have worked with the subject categories as set in this dataset. While this 
is an established grouping of fields, it does not allow us to provide 
additional analyses using alternative categorizations of the fields under 
scrutiny.

Moreover, our work is not focused on the factors that led to these 
results and the potential responses to new challenges that may arise 
from this approach in the future. Hence, we can only comment on po
tential causes and consequences that will require further scholarly work 
to be assessed. In relation to the causes, the Chinese government has 
invested heavily and made science a primary focus of its development 
journey. These large state-led investments – in terms of funding oppor
tunities and supportive institutional policies – have likely triggered the 
impressive jump in research output observed in our data. Chinese stu
dents and scientists have also been encouraged to be trained in foreign 
academic institutions. This has likely triggered the creation of the in
ternational networks that are at the basis of the enhanced international 
collaboration captured in our data. Regarding potential consequences, 
recent shifts in international science and technology policy – including 
tighter restrictions on cross-border collaborations and increased scru
tiny of foreign researchers in certain countries – may affect the ability of 
scientists, particularly those based in China, to engage with institutions 
abroad, including in the U.S. These developments may influence the 
future dynamics of global scientific collaboration documented in this 
study. One of the key questions that remains to be answered is whether 
the level of scientific primacy reached by China will enable the country 
to advance at the same rate of speed and impact should geopolitical 
fragmentation continue, especially between the world's two largest 
economies – U.S. and China.

Our findings open important avenues of research. As mentioned 
above, one key set of questions requiring further scholarly work con
cerns a comprehensive explanation of the mechanisms driving the pat
terns we uncovered. Are domestic collaborations in China being driven 
by institutional policies, funding opportunities, or national scientific 
agendas? Also, why is China excelling in particular fields and not in 
others? Does this relate to specific characteristics of those fields, such as 
R&D funding requirements, expensive research equipment, close ties 
with industry? Additionally, what is the role of international collabo
rations in enhancing China's global scientific standing and its influence 
on scientific agendas worldwide? Hence, our study, which provides 
empirical insights on the shifting dynamics of global scientific knowl
edge production, offers fruitful avenues for future research.
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