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Abstract To provide an overview of the characteristics of research in China, a biblio-

metric evaluation of highly cited papers with high-level representation was conducted

during the period from 1999 to 2009 based on the Essential Science Indicators (ESI)

database. A comprehensive assessment covered overall performance, journals, subject

categories, internationally collaborative countries, national inter-institutionally collabora-

tive institutions, and most-cited papers in 22 scientific fields. China saw a strong growth

in scientific publications in the last decade, to some extent due to increasing research and

development expenditure. China has been more active in ESI fields of chemistry and

physics, but more excellent in materials science, engineering and mathematics. Most

publications were concerned with the common Science Citation Index subject categories of

multidisciplinary chemistry, multidisciplinary materials and science, and physical chem-

istry. About one half China’s ESC papers were internationally collaborative and the eight

major industrialized countries (the USA, Germany, the UK, Japan, France, Canada, Russia,

and Italy) played a prominent role in scientific collaboration with China, especially the

USA. The Chinese Academy of Sciences took the leading position of institutions with

many branches. The ‘‘985 Project’’ stimulated the most productive institutions for aca-

demic research with a huge funding injection and the universities in Hong Kong showed

good scientific performance. The citation impact of internationally collaborative papers
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differed among fields and international collaborations made positive contributions to

academic research in China.

Keywords Bibliometric analysis � China � Essential science indicator �
Highly cited papers

Introduction

China is one of the most attractive countries in terms of scientific performance today

(Huang 2010; Mervis 2010). It has experienced a sustained and remarkable increase in

scientific production (Jin and Rousseau 2005; Zhou and Leydesdorff 2006) and became the

global second largest producer of scientific publications since 2006 (Zhou and Leydesdorff

2008), particularly taking a world-leading position in special fields now (Zhou and Ley-

desdorff 2009; Malarvizhi et al. 2010). However, many prior studies restricted to the

China’s scientific performance of global research position (Jin and Rousseau 2005; Zhou

and Leydesdorff 2006, 2008, 2009), performance of specific fields (Guan and Ma 2007a, b;

Chen et al. 2007; Zhou and Leydesdorff 2009), international collaboration of China (Zhou

and Glanzel 2010) or between China and particular countries (He 2009), and investment in

science and technology (Mervis 2010) by China’s Science Citations Index (SCI) papers.

The characteristics of fields, journals, subject categories, international collaboration part-

ners, national inter-institutional collaboration players and most-cited papers of China’s

highly cited papers, more specifically and typically, remain systematically underinvesti-

gated. To understand these elements, this study used bibiliometric methods based on

China’s highly cited papers, provided by Essential Science Indicators (ESI) of the Institute

for Scientific Information (ISI), which has been recently attempted to identify the scientific

disciplines in the research of countries (Soteriades and Falagas 2005; Jeenah and Pouris

2008; Almeida et al. 2009).

Bibliometric methods as a common research tool has been widely used to measure the

scientific performance of countries (Schubert et al. 1989; Pouris 1989; Yamazaki 1994;

Moed et al. 1995; Glänzel, 1996; de Haan 1997; Glänzel 2000; Guan and Gao 2008).

Measuring aspects usually covered research specialities with journals (Pouris 1989;

Schubert et al. 1989; Moed et al. 1995; Yamazaki 1994; Guan and Gao 2008), subject

categories (Pouris 1989; Schubert et al. 1989; Yamazaki 1994; Moed et al. 1995), col-

laborative countries and institutions (Schubert et al. 1989; Yamazaki 1994; Moed et al.

1995; Glänzel 1996, 2000; de Haan 1997; Guan and Gao 2008). Furthermore, most-cited

papers with a significant influence in related fields have been investigated in recent bib-

liometric literatures (Paladugu et al. 2002; Baltussen and Kindler 2004; Hannerz 2010;

Ponce and Lozano 2010; Shadgan et al. 2010).

Bibliometric indicators provide a reliable evidence and panorama of scientific activity.

Number of publications is considered to be indications of scientific production (Vinkler

1988; Rinia et al. 1998). Citations-based indicators, as valuable and revealing measures of

the impact and internationalization of the scientific work (Martin and Irvine 1983; Moed

et al. 1985; Moed 2005; Vinkler 1988; Garfield and Welljams-Dorof 1992), have been used

in various research topics such as sociology (Cronin et al. 1997), materials science

(Garfield and Pudovkina 2003), and hydrogeology (Schwartz and Fang 2007). Citation

analysis is more formal, open, scholarly founded, supplemented in the evaluation of groups

(Moed 2005). The citation based indicators including number of citations (Moed 2005;

Rehn et al. 2007), citations per publication (Moed et al. 1985; Seng and Willett 1995; Katz
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and Hicks 1997) and peak year citations per publication (Hsieh et al. 2004; Chiu and Ho

2005; Li and Ho 2008) have been applied in various studies. The indicator, average

citations per publication is more useful than the total citations for uncovering peak citation

trends (Zhou et al. 2007). Impact factor has the advantage of already being in existence and

is a good indicator for scientific evaluation (Hoeffel 1998). Moreover, five indicators, total

number, independent, collaborative, first author, and corresponding author articles by

countries and institutions were innovatively used to explore the performance of scientific

research in recent research, providing diversified information for evaluation (Ho et al.

2010; Hu et al. 2010; Mao et al. 2010; Zhang et al. 2010).

Accordingly, a bibiliometric analysis of highly cited papers originating from China was

conducted based on the ESI database. The main body of this study is divided into five parts,

aiming at identify the characteristics of China ESI papers covering fields performance,

disciplinary strength, international collaboration and national inter-institutional collabo-

ration, and most cited papers. First, the overall scientific performance of China in terms of

ESI papers distributed in 22 fields was conducted. The second section dealt with publi-

cation activity, with major focus on favored journals and subject categories, while China’s

major international collaboration partners and national inter-institutional collaboration

players were identified in the third and fourth sections, respectively. Finally, the most cited

papers in each field are examined as a statement of discipline emphases and impact.

Method

The data of Chinese highly cited papers analyzed in this paper are all obtained from ESI.

The ESI includes the papers with a number of citations in the top 1% in specific fields for

each year in the 10-period surveyed, providing access to a unique and comprehensive

compilation of essential science performance statistics and science trends. Highly cited

papers are selected based on percentile rankings specific to their fields of study. Data of

ESI database are updated bimonthly (six times a year). The analyzed time span in this

study was updated in November 2, 2009, covering the 10-year plus 8-month period from

January 1, 1999 to August 31, 2009. ‘‘Peoples R China’’ was employed as the keyword to

search countries/territories, and therefore a total of 4,269 ESI papers where at least one of

the authors has a Chinese address (including Hong Kong) were extracted from the ESI

database.

For each paper, downloaded information included all contributing authors, all their

addresses, source data (journal title, subject category, fields, publication year and docu-

ment type), and title of the publication. The records were downloaded into spreadsheet

software (Microsoft Excel 2007), and additional coding was manually performed for

institutions and countries of origin of the coauthored articles. Coauthored articles, as

indicators of collaboration across institutions in the country and internationally (NSF report

2010; www.nsf.gov), including ‘‘internationally collaborative publication’’ and ‘‘inter-

institutionally collaborative publication’’. As for following analysis, collaboration type was

determined by the addresses of the authors, where the term ‘‘China independent publica-

tion’’ was assigned if the researchers’ addresses were all from China. The term ‘‘inter-

nationally collaborative publication’’ was designated to those articles that were coauthored

by researchers from China and other countries. The term ‘‘institute independent publica-

tion’’ was assigned if the researchers’ addresses were from the same institute in China. The

term ‘‘inter-institutionally collaborative publication’’ was assigned if authors were from

different institutes which included at least one institute in China. In addition, papers
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originating from England, Scotland, Northern Ireland, and Wales were reclassified as being

from the United Kingdom (UK).

The bibliometric indicators calculated in the study on China’s academic papers are

given in Table 1 together with their denotation, definition and calculation. Publication

outputs indicators (including number of publication and publication share) and citation

indicators (including number of citation, citations per publication, highest number of

citations) were mainly used, and some other indicators (including impact factor of

journal and ranking) were also employed. Indicators related to ‘‘China independent

publications’’ or ‘‘institute independent publications’’ of China’s ESI papers (PSCP,

CCPSCP, RPSCP
, %PSCP

), and ‘‘internationally collaborative publications’’ or ‘‘inter-insti-

tutionally collaborative publications’’ of China’s ESI papers (PCCP, CCPCCP, RPCCP
,

%PCCP
), first author of the publication by country or institution (RPFA

) corresponding

author of the publication by country or institution (RPRP
) were innovatively to describe

the visibility and strength of highly cited papers of one country. C2009, as an evaluation

indicator used, has an advantage that it with a fixed value can be checked at any time.

All these indicators were processed by Microsoft Excel 2007 with functions including

PivotTable, text to columns, sort, filter, concatenate, sum, rank, vlookup, proper, and

match. To be more specific, the analytic structure of characteristics of China’s ESI

papers is presented in Fig. 1.

Results and discussion

Overall scientific performance

The overall scientific performance of highly cited papers from the ESI including document

types, first author and corresponding author of papers having a China’s address and fields

was identified. Figure 2 illustrates the percentage of different document types (proceedings

papers, reviews, and articles). The distribution of document types was 3,738 (88% of 4,269

ESI papers from China) articles, 416 (10%) reviews, and 115 (2.7%) proceedings papers.

The percentage of ESI articles to the total ESI papers from China fluctuated around 87%

and saw an upward trend from 2006 to 2009. Clearly, scientific research in China has

developed steadily in recent years, similar to the results of another related study (Zhou and

Leydesdorff 2006). The percentage of first author and corresponding author papers orig-

inating from China also showed an overall increasing trend (Fig. 3), which enforces the

view that China’s innovative activities have been strengthened. Over the last two decades,

China has experienced strong and sustained economic growth with Gross Domestic

Product (GDP) growth around 9% (http://www.stats.gov.cn/). It is no coincidence that

economic growth and research performance are highly correlated in China (Zhou and

Leydesdorff 2008). The percentage of GDP spent on research may influence publication

outputs (Halpenny et al. 2010). The Chinese government focused on science and tech-

nology to substantially increasing the expenditure on research and development as a per-

centage of GDP, from 0.6% in 1996 to 1.5% by 2007, just behind the USA and Japan,

according to the 2010 edition of Science and Engineering Indicators (www.nsf.gov/nsb/sei).

It was also reported that the size of China’s scientific workforce now equals that of the USA

and the European Union, and it is argued that China ranks first on key global scientific

indicators because science and technology spending has risen by 20% annually for more

than a decade (Mervis 2010).
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Table 1 Introduction of the bibliometric indicators used in subsequent analysis

Indicators Denotation Definition Calculation

Number of
publication

PSCI-C Number of scientific publications of China produced
by the analyzed unit during the analyzed time span
in the Thomson SCI indices (China’s SCI papers)
(Rehn et al. 2007)

Counting the
number of
publications

PESI-C Number of scientific publications of China produced
by the analyzed unit during the analyzed time span
in the Thomson ESI indices (China’s ESI papers)
(Rehn et al. 2007)

Counting the
number of
publications

PESI-W Number of scientific publications in the world
produced by the analyzed unit during the analyzed
time span in the Thomson ESI indices (World’s
ESI papers) (Rehn et al. 2007)

Counting the
number of
publications

PSCP Number of ‘‘China independent publications’’ or
‘‘institute independent publications’’ of China’s
ESI papers

Counting the
number of
publications

PCCP Number of ‘‘internationally collaborative
publications’’ or ‘‘inter-institutionally
collaborative publications’’ of China’s ESI papers

Count the number
of publications

Publication
share

% Number of China’s ESI papers of an actor (journal,
country/territory, institution) as a share of the total
number of China’s ESI papers (Rehn et al. 2007)

(PESI-Cof one
actor)/PESI-C

%PSCP
The given field’s number of China independent

papers as a share of given field’s the total China’s
ESI papers

PSCP/PESI-C

(Given field)

%PCCP
The given field’s number of China’s internationally

collaborative papers as a share of given field’s
number of the China’s ESI papers

PCCP/PESI-C

(Given field)

%PESI�C�PESI�W
The given journal’s number of China’s ESI papers

as a share of the given journal’s number of World
ESI papers

PESI-C/PESI-W

(Given journal)

Activity index AIPESI�C�PSCI�C
The given field’s share in China’s ESI papers

proportional to the given field’s share in China’s
SCI papers (Glänzel 2000)

PESI-C/PSCI-C

(Given field)

AIPESI�C�PESI�W
The given field’s share in China’s ESI papers

proportional to its share of publications of World’s
ESI papers (Glänzel 2000)

Ratio: PESI-C/
PESI-W(Given
field).

Number of
citations

C The total number of citations to China’s SCI papers
during the analyzed time span (Rehn et al. 2007)

Web of Science

C2009 The total number of citations to China’s ESI papers
from its publication year to 2009

Web of Science

Citations per
publication
(CPP)

CPPSCI Average number of citations per China’s SCI paper
(Moed et al. 1985)

C/PSCI-C

CCPSCP Average number of citations per ‘‘China
independent publication’’ or ‘‘institute
independent publication’’

CSCP/PESI-C

CCPCCP Average number of citations to per ‘‘internationally
collaborative publication’’ or ‘‘inter-institutionally
collaborative publication’’

PCCP/PESI-C
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Research outputs obtained from the SCI of the ISI in the 22 fields over the last 10 years

(January 1, 1999 to August 31, 2009) are shown in Table 2. In terms of quantity, the field of

chemistry ranked 1st with 158,668 papers, followed by physics (102,515), material science

(75,699), engineering (69,896), and clinical medicine (48,915). This meant a large amount

of research on chemistry, physics, material science, engineering, and clinical medicine was

conducted in China in recent years. Besides, a comparison covering the quantity, the highest

citations in 22 fields of ESI papers from China and the world are displayed (Table 2).

Engineering and mathematics were the top two fields with the highest value of share of

publications of China’s ESI papers proportional to its share of publications the field of

China’s SCI papers (AIPESI�C�PSCI�C
) and having values of 1.8 and 1.6. Materials science have

the highest value of share of publications of China’s ESI papers proportional to its share of

publications of World’s ESI papers (%PESI�C�PESI�W
) 2.8, followed closely by mathematics

2.6 and engineering 2.5. In terms of %HCC�HCW
, percentage of the highest number of

citations of ESI papers from China and the world, Computer science ranked 1st with 98%

and molecular biology & genetics ranked 2nd with 96%. Moreover, the papers with the

highest numbers of citations in engineering, immunology, and materials science were

independent without international collaboration. The collaborative countries with the

highest number of citations of ESI papers from China (CountryHCc
) and the world

(CountryHCW
) shows that the USA was quite active in most fields.

Table 1 continued

Indicators Denotation Definition Calculation

Highest
number of
citations

HCC The highest number of citations of China’s ESI
paper

Sequencing by
number of
citations

HCW The highest number of citations of World’s ESI
papers

Sequencing by
number of
citations

%HCC�HCW
Highest number of citations China’s ESI papers as a

share of the highest of World’s ESI papers
HCC/HCW

Impact factor IF Average number of times articles from the journal
published in the past two years has been cited in
the Journal Citation Reports (JCR) year

Web of Science

Ranking RCPP Ranking of citations per publication by fields Sequencing by
CPP

RPESI�C
Ranking of number of China’s ESI papers by

countries or institutions
Sequencing by

CPP

RPSCP
Ranking of number of ‘‘China independent

publications’’ by countries or ‘‘institute
independent publications’’ by institutions

Sequencing by
CPP

RPCCP
Ranking of number of ‘‘internationally collaborative

publication’’ by countries or ‘‘inter-institutionally
collaborative publication’’ by institutions

Sequencing by
CPP

RPFA
Ranking of number of publications by countries or

institutions originated first author of one
publication

Sequencing by
CPP

RPRP
Rank of number of publications by countries or

institutions originated corresponding author of one
publication

Sequencing by
CPP
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Total scientific performance First author and
corresponding author

Document type

International collaboration

Inter-institutional collaboration

Most-cited ESI papers

Journal and Subject Category

Journal

PSCI, PESI, PSCP, PCCP, C, HC,
%, CPP, CPPSCP, CPPCCP

Field

PESI (Trends), %

PESI (Trends), %

Subject category (SC)

IF, PESI, %, SC, Field

PESI (Trends)

Country

Institution

Most-cited paper by field

PESI (Trends), RESI, RFA, RRP,
%

PESI, RESI, RSCP, RCCP, RFA,
RRP, %

Year, FAU/RP, AU, DT, CC,
Paper title, C2009
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Fig. 1 Analytic structure of characteristics of research in China assessed with ESI
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Citations of papers of China’s SCI papers (January 1, 1999 to August 31, 2009),

publication outputs and citations of independent and internationally collaborative papers in

22 fields of China’s ESI papers are described in Table 3. The order of citations per paper

by 22 fields differed by disciplines, with molecular biology & genetics ranking 1st with

9.83 citations per paper, followed by neuroscience & behavior (8.19), clinical medicine

(7.77), microbiology (7.57), immunology (7.14), and psychiatry/psychology (7.08). Gen-

erally, China published 649,689 papers with an average of 5.24 citations per paper. Sci-

entists in China in most fields publish in scientific journals with a lower citation impact

than the world average and have a lower citation rate than expected (Glänzel et al. 2002).

China’s science needs to move from the ‘quantitative expansion’ phase in which it is

nowadays to a ‘rising quality’ phase (Jin and Rousseau 2005). As for China’s ESI papers,

chemistry had the highest percentage of independent papers among total papers with 72%,

followed by materials science with 69% and engineering with 62%. China has developed

rapidly in chemical research and has taken a leading position in publishing journal papers

(Zhou and Leydesdorff 2009). Due to the national policy in the past, the fields of chem-

istry, physics, and engineering and mathematics had developed better (Glänzel et al. 2002).

Especially, there were no independent ESI papers in immunology and neuroscience &

behavior. Simultaneously, there are high percentages of 95 and 96% of collaborative ESI

papers in molecular biology & genetics and general social sciences.

The average citation of one collaborative paper appeared higher than an independent

paper in most of the 18 fields but not four fields including agricultural sciences,
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environment/ecology, multidisciplinary, and general social sciences. This phenomenon

that collaborative papers get more citations than independent papers was also noted in

other studies (Katz and Hicks 1997; Zhou and Leydesdorff 2009). Collaboration is a less

important factor contributing to high impact in research specialties, and makes a stronger

contribution to high impact in papers from small countries within them (Persson 2010).

The feature that collaboration seems more promising in producing highly cited papers in

major fields of China support the recommendation to stimulate international collaborations.

On the other hand, the independent research level in China increased the independent paper

citations. Synthetically considering the indicators of outputs and citations of China’s ESI

papers, research in China played well in the fields of chemistry, materials science,

mathematics, and engineering.

Characteristics of research journal and subject category

Journal Citation Reports (JCR) indexed 6,620 major journals with citation references

across 173 scientific disciplines in 2008. Based on the classification of subject categories in

JCR, the ESI papers from China were distributed in 137 subject categories.

A continuous increase was shown in each subject category except for 1997 and 2009

(Fig. 4). The two most common categories were multidisciplinary with 1,106 papers

Table 3 Independent and collaborative country papers of China ESI papers in 22 fields

Field CPPSCI

(RCPP)
PSCP

(%PSCP
)

CCPSCP

(RCPP)
PCCP

(%PCCP
)

CCPCCP

(RCPP)

Agricultural sciences 4.47 (16) 25 (50) 49 (15) 25 (50) 49 (20)

Biology and biochemistry 6.6 (7) 30 (35) 106 (3) 55 (65) 134 (4)

Chemistry 5.87 (10) 566 (72) 103 (4) 216 (28) 115 (9)

Clinical medicine 7.77 (3) 95 (28) 152 (2) 246 (72) 168 (2)

Computer science 1.91 (22) 64 (47) 76 (11) 72 (53) 104 (11)

Economics and business 5.02 (14) 6 (17) 25 (18) 30 (83) 73 (17)

Engineering 3.49 (18) 515 (62) 51 (14) 311 (38) 66 (19)

Environment/ecology 5.81 (11) 32 (44) 80 (9) 40 (56) 79 (16)

General social sciences 3.42 (19) 1 (4.0) 39 (16) 24 (96) 37 (22)

Geosciences 6.11 (9) 45 (23) 82 (8) 147 (77) 121 (7)

Immunology 7.14 (5) 0 (0) N/A 6 (100) 130 (5)

Materials science 4.11 (17) 368 (69) 77 (10) 167 (31) 84 (14)

Mathematics 2.66 (20) 144 (53) 30 (17) 128 (47) 40 (21)

Microbiology 7.57 (4.0) 10 (23) 91 (7) 34 (77) 123 (6)

Molecular biology and
genetics

9.83 (1) 2 (4.5) 308 (1) 42 (95) 349 (1)

Multidisciplinary 2.37 (21) 1 (25) 103 (4) 3 (75) 94 (12)

Neuroscience and behavior 8.19 (2) 0 (0) N/A 16 (100) 118 (8)

Pharmacology and toxicology 5.78 (12) 16 (53) 69 (12) 14 (47) 82 (15)

Physics 5.22 (13) 291 (49) 102 (6) 297 (51) 138 (3)

Plant and animal science 4.68 (15) 47 (32) 59 (13) 100 (68) 90 (13)

Psychiatry/psychology 7.08 (6) 4 (33) 15 (20) 8 (67) 73 (17)

Space science 6.22 (8) 5 (19) 21 (19) 21 (81) 109 (10)

N/A not available
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(26% of all ESI papers from China), namely multidisciplinary chemistry and multidisci-

plinary materials and science, followed closely by physical chemistry with 407 (10%).

Multidisciplinary chemistry ranked 1st from 2003 to 2008 but declined slightly to 3rd in

2009.

The journal literature can be used for quantitative comparison of publication activity in

any scientific field and sub-field if the sources and methods used are characteristic of all the

countries investigated and the number of processed items (journal articles, citations) is

statistically significant (Glänzel et al. 2002). Top 20 highly cited papers from China in

productive journals are listed in Table 4 showing the impact factor, number of publica-

tions, publication share, subject categories and fields. The top three journals based on the

number ranking of highly cited papers was Advanced Materials (140) in six subject cat-

egories, the Journal of the American Chemical Society (131) in multidisciplinary chemistry

and Physical Review Letters (127) in multidisciplinary physics, while the top three journals

for the percentage ranking of ESI papers from China to the total number of world ESI was

the Journal of Mathematical Analysis and Applications (40%) with an impact factor of

8.191 in the applied mathematics and mathematics category, Inorganic Chemistry (36%) in

inorganic & nuclear chemistry, and Advanced Functional Materials (27%) in six subject

categories. Most journals appeared in the multidisciplinary subject category. Excluding

three journals (Nature, Science, and Proceedings of the National Academy of Sciences of
the United States of America) covering more than one field, each of the other 17 journals

focused on only one field. The fields listed included materials science, chemistry, physics,
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engineering, clinical medicine and mathematics. This finding is consistent with the above

results for overall scientific performance.

International collaboration

After reviewing the overall performance on total publications, characteristics of journals

and subject categories, collaborative countries and national institutions were analyzed in

order to investigate the situation of Chinese international collaboration and domestic

activity. Collaboration plays a growing role in scientific research and usually manifests

itself in internationally co-authored publications revealed by bibliometric tools (Schubert

and Braun 1990). A total of 2,267 (53% of all ESI papers from China) ESI papers were

China independent publications and 2,002 (47%) were internationally collaborative.

National share of internationally co-authored publications of China SCI papers is 23.7% in

2002 and 21.9% in 2007 (Zhou and Glanzel 2010), just about one half of that of China ESI

papers, which implied that international collaboration benefits scientific papers. It is also

reported that highly cited papers typically involve more collaborative research than what is

the normal or average at an aggregated, general level (Aksnes 2003). A total of 3,013

(71%) ESI papers had Chinese first authors and 3,006 (71%) had Chinese corresponding

authors. The 20 countries most frequently collaborating with China are listed in Table 5.

The eight major industrialized countries (G8), the USA, Germany, the UK, Japan, France,

Canada, Russia, and Italy ranked in the top 9 internationally collaborative countries,

accounting for around 84% of China internationally collaborative ESI papers. Similarly,

the phenomenon of the seven major industrialized countries (G7) the USA, Germany, the

UK, Japan, France, Canada, and Italy accounted for a significant proportion is common

(Li et al. 2009b; Fu et al. 2010; Wang et al. 2010; He 2009). The important international

collaboration pattern of China and G7 which is also existed for SCI papers in the web of

science and the descending orders of outputs for China SCI papers with the G7 countries

on international collaboration are USA, Japan, Germany, England, Canada, France and

Italy (He 2009). The concretely increasing trends of G8 indicated that China intensified

academic exchanges with these countries in recent decade (Fig. 5). The USA dominated

with 1,215 papers, ranking 1st in both first author and responding author in China ESI

papers, followed distantly by other countries. The USA has many highly cited papers and

appears to have a strong country effect on the research field (Persson 2010). The USA, the

largest producer of scientific publications, to an extent owes this domination to the size

effect (Schubert and Braun 1990).

Generally, the ranking of first author (RPFA
) was parallel to that of corresponding author

(RPFA
) but different in the sequence of total number of papers in most internationally

collaborative countries (Table 5). Particularly, Russia ranked 8th in the number of ESI

papers collaborating with China and 18th in first author ranking and corresponding author

ranking, while Singapore ranked 16th in the number of ESI papers collaborating with

China but 8th in first author ranking and 6th corresponding author ranking.

Inter-institutional collaboration

The characteristics and performance of academic institutions can be assessed by biblio-

metric indicators to some extent to assist decision-making by policy makers, researcher and

students (Pouris 2007). Aiming to reveal Chinese institutions active in the scientific lit-

erature, the top 20 productive institutions with ESI paper are listed in Table 6. The most
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productive institution was the Chinese Academy of Sciences (CAS) accounting for 24%,

the China’s highest academic institution in natural sciences, a major advisory body to the

government on science and technology related issues, and a national comprehensive

research and development center in natural sciences and high technology areas. CAS has

dominated publications with a contribution more than 25% of total publications from 1981

to 1985 (Arunachalam et al. 1993). However, a bias appeared because the Chinese

Academy of Sciences has over 100 branches in different cities (Li et al. 2009a). CAS

consists of the Academic Divisions and various subordinate institutions. There are six

Academic Divisions: Mathematics and Physics, Chemistry, Life Sciences and Medical

Sciences, Earth Sciences, Technological Sciences, and Information Technological Sci-

ences. The CAS has 12 branch offices located in Beijing, Shenyang, Changchun, Shanghai,

Nanjing, Wuhan, Guangzhou, Chengdu, Kunming, Xi’an, Lanzhou, and Xinjiang. These

are 113 institutions directly under CAS, including 92 research institutes (including three

botanical gardens), six universities and supporting organizations (including two universi-

ties, one supporting organization, one documentation and information unit, two news and

publication units), 12 management organizations that consist of the headquarters and

branches, and three other units. These CAS branch offices and institutions are located in 22

provinces and municipalities throughout China. CAS staff even surpassed 50,000 since

2008 (http://cas.cn/). The publications of different institutions were pooled as one heading

now, and publications divided into branches would result in different rankings. Other than

the Chinese Academy of Sciences, the top three productive institutions were the University

of Hong Kong, Peking University, and the University of Science and Technology of China.

Table 5 The top 20 most frequently collaborative countries with China

Country/territory PESI-C RPESI�C
(%) RPFA

(%) RPRP
(%)

USA 1215 1 (28) 1 (14) 1 (14)

Germany 339 2 (7.9) 4 (1.6) 4 (1.5)

UK 336 3 (7.9) 2 (2.7) 2 (2.7)

Japan 260 4 (6.1) 3 (1.7) 3 (1.6)

France 229 5 (5.4) 5 (1.2) 5 (1.2)

Australia 203 6 (4.8) 6 (1.1) 6 (1.0)

Canada 198 7 (4.6) 6 (1.1) 6 (1.0)

Russia 137 8 (3.2) 18 (0.14) 18 (0.12)

Italy 135 9 (3.2) 9 (0.73) 9 (0.68)

Netherlands 127 10 (3.0) 13 (0.42) 13 (0.42)

South Korea 125 11 (2.9) 12 (0.45) 12 (0.45)

Switzerland 120 12 (2.8) 10 (0.52) 10 (0.52)

Taiwan 113 13 (2.6) 11 (0.49) 11 (0.49)

India 108 14 (2.5) 27 (0.047) 23 (0.070)

Sweden 108 14 (2.5) 16 (0.19) 16 (0.19)

Singapore 107 16 (2.5) 8 (1.0) 6 (1.0)

Brazil 94 17 (2.2) 27 (0.047) 27 (0.047)

Spain 83 18 (1.9) 15 (0.23) 14 (0.23)

Poland 78 19 (1.8) 24 (0.070) 27 (0.047)

Belgium 61 20 (1.4) 14 (0.26) 14 (0.23)

Characteristics of research in China assessed with Essential Science Indicators 855

123

http://cas.cn/


The development of productive institutions can partly be attributed to Chinese policy.

Of the top 20 institutions, 13 productive universities were all included in the ‘‘985 Project’’

of China except for five universities located in Hong Kong, the Chinese Academy of

Sciences and Donghua University, ranking 20th. The ‘‘985 Project’’ was launched by

President Jiang Zemin, declaring ‘‘China must have a number of first-rate universities of

international advanced level’’ on May 4, 1998. This project was divided into two phases. In

the initial phase, nine universities were involved, all listed in the top 20 universities. Grants

of more than US$ 125 million each over a period of 3 years was given to these initial nine

universities. In the second phase, the program was expanded until it has now reached

almost 40 universities, most of which receive millions of dollar each year. Most of the

funding goes to academic exchange, allowing Chinese academics to participate in con-

ferences abroad, and attract world-renowned faculty and visiting scholars. Specially,

Donghua University, which was not involved in the project characterized by textiles, the

total number of the textile-related papers was in excess of the total number of textile papers

from nine world-famous textile institutions in SCI (Science Citation Index), EI (The

Engineering Index), and ISTP (Index to Scientific & Technical Proceedings) for two

consecutive years. With the exception of the Chinese Academy of Sciences, the University

of Hong Kong ranked 1st in inter-institutionally collaborative papers, as the institution of

affiliation of first author and corresponding author. Tsing Hua University ranked 5th in

total papers, but 2nd independent papers and in the 3rd in the institutes of affiliation of first

author and corresponding author (Table 6).
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Most-cited ESI papers

A most-cited paper reflected its high recognition and representation in the scientific

community (Aksnes 2003). Identifying most-cited papers is one method of assessing the

drivers of progress and serves as a statement of strength and impact (Paladugu et al. 2002;

Baltussen and Kindler 2004; Ponce and Lozano 2010). The most frequently cited ESI paper

in each of 22 ESI fields were identified and listed by published year, first authors, corre-

sponding authors, number of authors, countries, document types, paper titles, and C2009

(Table 7). The six top papers, 3 articles and 3 reviews, cited more than 1,000 times were

found in the fields of molecular biology & genetics, physics, clinical medicine, chemistry,

plant & animal science, and geosciences. However, the top papers in multidisciplinary and

general social sciences were found to have 143 and 133 citations respectively. The most-

cited top paper was a review titled ‘‘initial sequencing and analysis of the human genome’’,

which received 7,425 citations in molecular biology & genetics by 243 authors from 8

countries: USA, UK, Japan, France, Germany, China, Ireland, and Israel. Of these top six

papers, five were written by at least 46 authors and only one, titled in chemistry ‘‘a

chemically functionalizable nanoporous material [Cu3(TMA)2(H2O)3]n’’, which was cited

1,222 times from its publication to 2009, was by five authors from China and the UK. The

top papers in engineering, molecular biology & genetics, physics, and plant & animal

science had more than 100 authors from 9, 8, 20, and 2 countries respectively. The only

single author top paper titled ‘‘in search of golden rules: comment on hypothesis-testing

Table 6 The top 20 most productive Chinese institutions

Institution PESI-C RPESI�C
(%) RPSCP

(%) RPCCP
(%) RPFA

(%) RPRP
(%)

Chinese Academy of Sciences 1,006 1 (24) 1 (22) 1 (25) 1 (14) 1 (14)

University of Hong Kong 283 2 (6.6) 3 (4.4) 2 (7.8) 2 (3.1) 2 (3.1)

Peking University 245 3 (5.7) 6 (3.7) 3 (6.8) 4 (2.8) 4 (2.8)

University of Science and
Technology of China

193 4 (4.5) 5 (3.9) 5 (4.8) 5 (2.1) 5 (2.1)

Tsing Hua University 189 5 (4.4) 2 (4.6) 6 (4.4) 3 (3.0) 3 (2.9)

Chinese University of Hong Kong 176 6 (4.1) 13 (1.7) 4 (5.4) 7 (2.0) 7 (1.9)

Hong Kong University of Science
& Technology

154 7 (3.6) 4 (4.1) 10 (3.4) 6 (2.0) 6 (2.1)

City University of Hong Kong 142 8 (3.3) 12 (2.0) 7 (4.0) 11 (1.5) 11 (1.5)

Shanghai Jiao Tong University 135 9 (3.2) 7 (2.4) 8 (3.6) 8 (1.7) 8 (1.7)

Zhejiang University 130 10 (3.0) 7 (2.4) 9 (3.4) 9 (1.6) 9 (1.6)

Fudan University 121 11 (2.8) 7 (2.4) 11 (3.1) 10 (1.5) 10 (1.5)

Nanjing University 102 12 (2.4) 10 (2.2) 12 (2.5) 12 (1.4) 12 (1.4)

Nankai University 83 13 (1.9) 10 (2.2) 13 (1.8) 14 (1.1) 14 (1.1)

Jilin University 71 14 (1.7) 13 (1.7) 15 (1.6) 15 (0.91) 15 (0.92)

Harbin Institute of Technology 62 15 (1.5) 17 (1.5) 16 (1.4) 13 (1.2) 13 (1.2)

Hong Kong Polytech University 61 16 (1.4) 24 (0.88) 14 (1.7) 17 (0.87) 15 (0.92)

Sun Yat Sen University 57 17 (1.3) 17 (1.5) 22 (1.3) 18 (0.84) 17 (0.85)

Shandong University 54 18 (1.3) 22 (1.0) 16 (1.4) 26 (0.56) 26 (0.56)

Sichuan University 51 19 (1.2) 15 (1.6) 26 (1.0) 20 (0.70) 20 (0.68)

Donghua University 47 20 (1.1) 15 (1.6) 35 (0.86) 16 (0.89) 17 (0.85)

Characteristics of research in China assessed with Essential Science Indicators 857
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approaches to setting cutoff values for fit indexes and dangers in overgeneralizing Hu and

Bentler’s (1999) findings’’ was published by H. W. Marsh from both Australia and China

in the mathematics field. Of the top papers in 22 ESI fields, three were issued in 1999, five

in 2000, one in 2001, four in 2002, two in 2003, three in 2004, and two each in 2005 and

2006. The article ‘‘review of particle physics’’ published in 2006 with 168 authors from 20

countries in the physics field had 3,226 citations. Ten papers were published by the same

authors (first author and corresponding author). Two papers by the same first author and

corresponding author included Z.M. Huang from Tongji University in materials science

and Y.Y. Hong from Hong Kong University of Science & Technology in psychiatry/

psychology. Moreover, Y.S. Ho and G. McKay from Hong Kong University of Science &

Technology were only first and corresponding authors who published two top articles in

both biology & biochemistry and environment/ecology. These top papers were the only

two papers independent of China. It has been noted that China internationally collaborative

publications have increased and their citation impact differs among subject categories

(Zhou and Glanzel 2010). International papers in most fields had higher impact than that of

publications independent of China.

Conclusions

The features of China’s highly cited papers in the ESI database were presented based on the

production and citations by overall performance, journals and subject categories, interna-

tional and inter-institutional collaboration, and most cited papers. Above all, China has

developed rapidly in scientific performance in 22 fields during the period 1999–2009.

Chemistry and physics were the two most productive fields to China’s SCI papers while

materials science, engineering and mathematics conducted better with the highest propor-

tion to China’s ESI papers. Secondly, China ESI papers were published in 870 journals in

137 SCI categories in JCR in 2008. Advanced Materials, Journal of the American Chemical
Society, Physical Review Letters, and Angewandte Chemie-International Edition were the

four journals included more than 100 ESI papers. Meanwhile, 51% of ESI papers were

published in the SCI categories of multidisciplinary chemistry, multidisciplinary materials

science, physical chemistry, and applied physics. In terms of international collaboration,

47% of all China ESI papers were international collaborations with 101 countries in which

G8 took overwhelming majority of the international collaboration. Moreover, the USA

dominated in both first author and responding authors in internationally collaborative ESI

papers with China. For national inter-institutional collaboration, the Chinese Academy of

Sciences was the most productive institution, and the other most productive universities

were involved in the ‘‘985 Project’’ or located in Hong Kong. Furthermore, international

collaboration enhanced the citation rate of papers in most fields. Finally, an overwhelming

number of the most cited papers were published by many authors with prominent inter-

national collaboration with China, while China’s most-cited ESI independent papers were

only in category of biology & biochemistry and environment/ecology.
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