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Abstract
Purpose: This study aims to establish a new framework for evaluating science and technology
(S&T) competitiveness that is appropriate to meet the needs of provincial academies of
sciences (PASs) in China.
Design/methodology/approaches: An evaluation index, including such assessing indicators
as research strength, research impact, research development and trends, and regional
contributions, is developed for China’s PASs. Taking the Jiangxi Academy of Sciences (JXAS)
as an example, we first explain how to apply this framework to analyze the strengths and
weaknesses of PASs in China. Then, we compare the results of all 17 PASs in order to get a
comprehensive understanding of their competitiveness.
Findings: Our results show the development path, current status, innovation advantages, and
weaknesses of JXAS very clearly. Based on our comparative analysis, we ranked the 17 PASs
from the perspective of different dimensions, by which their competitiveness strengths and
weaknesses can be highlighted for improvement.
Research limitations: In this analysis, we did not take S&T policies, S&T systems, or
historical factors into consideration. Thus, we may have ignored the influence of the soft
individual differences of different PASs in China.
Practical implications: The evaluation index developed in this paper provides a useful
insight into an analytical method that can be used by PASs or other provincial research
institutions (PRIs) to assess their competitiveness.
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Originality/value: Compared with existing evaluation frameworks, our method has two main
characteristics: First, we added three new dimensions, including the PASs’ applicable research
outputs, regional contributions, and comparative advantages; second, we conducted a
comparative analysis of local research institutes in their different advantaged industrial areas,
which makes our analytical method more comprehensive for local research institutions.
* This work is supported by the National Science Library of the Chinese Academy of Sciences (Grant No.:
Y130181001).
†
Corresponding author: Huifang Xu (E-mail: xuhf@mail.las.ac.cn).
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1

Introduction

When we say a research institute is competitive, we usually mean that it is more
sustainable and capable in S&T research or has more innovation activities than
others. According to Li[1], the competitiveness of universities and research institutes
can be measured by reviewing their knowledge assets and knowledge processes.
Knowledge assets reflect the capacity of an institution to maintain its current
competitiveness. These assets include material and non-material resources, current
research abilities, and research outputs (knowledge accumulation). Knowledge
process reflects the potential of an institute to improve its competitiveness, which
can be mostly found in research capacity indexes and efficiency indexes, and
indicates the potential of an institute to convert its resources into research
achievements. As Sun[2] stated, the S&T competitiveness can be reflected in the
research level, research gross, and research potential[2]. But Qiu[3,4] suggested that
the research productivity, impact, innovation and development capacities also need
to be taken into consideration while evaluating its research competitiveness of
an institute.
To date, competitiveness studies of Chinese research institutes have mainly
focused on universities, national research institutes, or industry research institutes[2–9].
For example, Qiu[4] released the eighth Evaluation report on subject competitiveness
of world-class universities and research institutions. Li[2] established an S&T
competitiveness evaluation index for universities and research institutions based
on S&T foundations, investments, outputs, and environments. Chai[10] created a
competitiveness evaluation index for business research institutions according to
their capacities in technology, marketing, finance, operations, and development.
Sun[11] developed an index for 34 institutes of the Chinese Academy of Agriculture
Sciences (CAAS), considering mainly published papers, research projects, research
awards, social influence, and personnel structures. However, an evaluation system
for the assessment of PRIs has not yet to be created. The analytical framework we
propose in this paper attempts to fill in this gap.
It should be mentioned that there is no clear definition of the distinctions between
national and provincial research institutions in this study; they are not rigorously
distinguished. In this paper, the term “national research institution” (NRI) refers to
the Chinese Academy of Sciences (CAS), the Chinese Academy of Agriculture
Sciences (CAAS), the Chinese Academy of Medical Sciences (CAMS), the Chinese
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Academy of Forestry (CAF), and other national institutions. The term “provincial
research institution” (PRI) is used to indicate the bodies of PASs, environmental
sciences, agriculture sciences, medical sciences at the provincial government level,
and others. All 17 PRIs analyzed in this study are PASs that are members of the
National Academy of Sciences Strategy Alliance (NASSA), whose names and
abbreviations are shown in Appendix I.

2

Necessity analyses

2.1

Unbalanced developments of PASs

It is important to consider the current status of the PASs when designing a system
to evaluate their S&T competitiveness. After taking a close look into different PASs,
we find that among all 17 PASs, only 5 academies have more than 10 research
institutes, while the others have 6 or fewer institutes. In terms of funding, the
research institutes of Beijing, Shandong, Guangxi, and Henan have obtained much
more financial supports than the other PASs. For example, Shandong received 396
million (RMB) in 2013, while the PASs other than Beijing, Shandong, Guangxi, and
Henan received 50 million (RMB) or less. In terms of personnel, five PASs, including
Beijing, Shandong, and Henan, employed more than 1,000 researchers, while Hebei,
Jiangxi, Guizhou, and Shanxi had only 500 researchers or fewer.
Five PASs have national key laboratories or national centers for engineering and
technology sciences, and about 29.4% PASs have set up their own institutions for
technology transformation or industry development; in other PASs, transformation
and industry development are mainly handled by the part-time staff in industrial
departments or government research and development (R&D) offices. Moreover,
only 23.5% PASs have established S&T strategy institutes, intelligence institutes,
or relevant consulting centers in their PASs, to support decision-making.
Theoretically, all 17 PASs ought to perform similar duties in supporting the
development of S&T innovation of the provinces. However, big differences exist in
PASs capabilities and performances. Thus, a systematic analysis of S&T
competitiveness will serve the well-being of these PASs in their research capacity
evaluations, strategic planning, decision making, and so on.

2.2

Different roles and functions of NRIs and PRIs

PRIs are important connections in the national and provincial innovation systems.
They play a leading role in supporting regional industrial technology innovations and
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http://www.gov.cn/test/2005-09/23/content_69567.htm.
Investigation of personnel structures was only conducted in 10 PASs, which include Beijing, Shanxi,
Jiangxi, Henan, Hebei, Heilongjiang, Guizhou, Gansu, Shandong, and Guanxi academies.
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applications. However, NRIs and PRIs have different roles and functions. NRIs like
the CAS focus on national strategic S&T planning, and they conduct more basic
research than the PRIs. Different from NRIs, PRIs tend to pay more attention to
applied research, development, and technology transformations. They aim to eliminate
technology bottlenecks in economic development and accelerate S&T transformation.
A typical example is Shandong Academy of Sciences.
Due to the different roles and functions of NRIs and PRIs, factors influencing
S&T competitiveness evaluations may be different. To this end, evaluation methods
and indexes designed for NRIs would not meet the need to assess the competitiveness
of PRIs.
Currently, most evaluation methods have focused on research, and very few have
taken other factors into consideration—such as the ability of research institutes to
convert their R&D results into new services and products, and the improvement of
industrial development. In addition, eco-social contributions of research institutes
are often ignored, and in most cases, the assessment indicators used for the output
of an institute are adopted from Essential Science Indicators (ESI) or the Science
Citation Index (SCI); other complementary indicators are urgently needed to fully
recognize the PASs’ output capacity.

3 Analysis framework of PASs
3.1

Index construction

To construct a comprehensive framework for our S&T competitiveness analysis of
PASs, we first adopted some components and indexes from existing NRI analytical
frameworks, and then we established our own index by adjusting these indicators
to the characteristics of PRIs. Differences between our new indexes and those of
other research for NRIs are shown in Table 1.

3.2

Characteristics of PRI indexes

Table 1 reveals that current evaluation indexes have mainly focused on the analysis
of the NRIs’ S&T capacities and research outputs. Compared with the other
three frameworks[2–4,11] listed in Table 1, only the “research efficiency” index takes
such factors as technology development, application, and transformation into
consideration[11].





Chunli Bai describes new policy and measures (in Chinese). Retrieved on August 3, 2015, from http://
news.sciencenet.cn/htmlnews/2015/2/313540.shtm.
Research location of Shandong Provincial Academy of Sciences. Retrieved on August 3, 2015, from
http://www.sdas.org/situation_02.html.
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Human
resource
S&T
conditions

Published
papers
Awards
Patents
S&T
transformation

Funding

S&T
management

S&T
foundations

S&T inputs

S&T outputs

S&T
environment

Innovation
capacities

Research
impact

Amount of
patents and
hot papers

Paper
citations
Amount of
highly cited
papers

Published
papers

Second level
indicators

Social impact Possession of society
of researches journals recognized
nationwide
S&T achievements
Research efficiency

Amount of papers or
books
Impact of papers and
books

Supported by national
funds
Supported by provincial
and ministerial agents
and others
Funding from the
institute itself

Research
projects

Publications

Researchers
Research teams
Talent training

Second level
indicators

Personnel
structure

First level
indicators

Xiuhuan Sun[11]

This study

Proportion of predominantly
contributed papers, inventions, or
PCT patents in all research outputs
Paper citations
Share of PRI’s research outputs in
the province
Share of high quality outputs in the
province
Share of awards in the province
Proportion of joint research outputs

Facilities and platforms
Researchers
Research outputs
Input-output ratio

Second level
indicators

Regional
contributions

Transfer of R&D achievements
Amount of innovative firms
Business revenues
Technical service revenues

Development Growth rate of research outputs
tendency
Advantage domains
Research teams
Development road mapping of
advantage domains

Research
impact

Research
capacities

First level
indicators

Strategic
Transformation of
Special Libraries

Research
productivity

Criterion level First level
indicators
indicators

Junping Qiu[3,4]

Comparison of three main competitiveness analysis frameworks with our new indexes

First level
indicators

Dongqin Li[2]

Table 1
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In our index framework, the first-level indicators of research capacities and
impact cover all those of the S&T foundation and outputs by Sun[11], Qiu[3,4], and
Li[2]. But more indicators are used in our framework, such as input-output ratio,
proportion of predominantly contributed papers (according to the identity of the
first or corresponding author), and the proportion of joint research outputs, which
help reflect a PRI’s efficiency more precisely. As the existing index frameworks
laid their emphasis on quantitative factors, rather than qualitative ones, we also use
“development tendency” and “regional contributions” as first-level qualitative
indicators. With second-level indicators such as advantage domains, research teams,
and technology transformations, we can evaluate PRI’s competitiveness more
comprehensively than other frameworks.
Our index framework also includes knowledge assets and knowledge process
indicators. The former comprises funding, personnel structure, and research outputs;
the latter is composed of efficiency and capability factors, such as the growth rate
of research outputs, input-output ratio, and research impact.
Since the NRI competitiveness evaluation systems have usually selected ESI,
SCI, and Derwent World Patents as their index data, we chose SCI, the China
National Knowledge Infrastructure (CNKI) Database, and national achievements of
the S&T database (NAST), as our primary data sources. This will more appropriately
reflect provincial and local institutes’ output. Instead of analyzing advantage domains
of a research institute with statistics of fields in database, our index relies both on
expert judges and keyword occurrence frequencies to determine a PRI’s research
advantage in the data processing.
By way of comparison, NRI assessments always tend to rank institutes via
comprehensively calculating all chosen indicators with different weights, although
weights may differ for each research study. Our index prefers to analyze every PRI
independently and compare their competitiveness with each indicator, as shown in
Table 2.

3.3 Applications of PASs evaluation framework
3.3.1

Competitiveness analysis of JXAS

During PASs competitiveness evaluation, the following factors need to be clearly
indicated, such as the research capacity of an institute, its research impact, what
roles it plays in provincial or regional socio-economic development, what its
advantage domains are, and at which stage are relevant research projects. To show
this exactly, we took Jiangxi Academy of Sciences (JXAS) as an example, to explain
how to conduct competitiveness evaluation for a PAS with our index. The evaluation
results are shown in Table 3, which displays the research capacity and the role of
JXAS in the Province.
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Provincial evaluation index system for research competitiveness

First level

Second level

Third level

Research
capacities

Funding

Project funding
Per capita funding

Facilities and platform

Total value
Number of devices (Over RMB 500,000)

Researchers

Staff number
Proportion of personnel with high academic degrees
Proportion of researchers
Percentage of pace-setters of academic research

Research outputs

Quantity of SCI papers
Quantity of CN and/or PCT patents
Quantity of CNKI papers
Quantity of NAST achievements

Input-output ratio

Funding per SCI paper
Funding per CNKI paper
Funding per patent
Funding per article

Predominantly contributed
papers

Proportion of first or corresponding authors in published
papers

Patents

Proportions of invention, PCT, and/or granted patents

Impact of journals

Ranking of SCI journals that contain the institute’s papers

Paper citations

Citation ranks of SCI and/or CNKI papers

Research
impact

Proportions of non-cited SCI and/or CNKI papers

Development
Tendency
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Regional
contributions

Role of PRI in the province

Proportion of SCI papers, CNKI papers, and patents the
institute produces in its province
Proportion of SCI paper citations in its province

Top-ranked conferences
(organized)
Awards

Amount of CPCI papers
Received awards at provincial level or above

Research collaborations

Number of co-authored SCI papers
Number of co-authored CNKI papers
Types of collaborating partners and cooperation domains

Funding sources

Funding agents of SCI and/or CNKI papers

Growth rate of outputs

Growth rate of SCI, CNKI papers and patents

Advantage and potential
domains

Advantage domains: Fields with high-growth research
papers or paper citations
Potential domains: Research area with highest growth rate
Development road-mapping of advantage domains

Advantage teams

Research groups with greatest productivity

Distinguished individuals

Most productive researchers

R&D result transformations
Number of innovative firms
Business revenues
Technical service revenues
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According to the growth of its funding, outputs, and research projects, it is easy to
conclude that JXAS is in a good position, and its advantage domains mainly
concentrate on ion rare earth extraction and metal alloys. With the matching analysis
of its advantage domains and Jiangxi’s key industries, we can not only show the
research capacities and influence of JXAS, but also consider its research efficiency
(input-output ratio)—specifically, the advantage domains of JXAS, the gap between
its research and the region’s actual needs, and its contributions to the province.
3.3.2

Identification of advantage domains and the matching analysis

To evaluate the advantage domains of JXAS, we used the categorization function
of the SCI database and international patent classification (IPC) system as our main
tools. As a result, we found that the advantage subject of JXAS is metallurgical
engineering. We conducted a keyword occurrence frequency analysis using the
Engwordprog software, which showed that the most frequently appearing keywords
in JXAS’s research works are “Cu”, followed by “alloy,” “rare,” and “earth.” Finally,
we combined these findings with the qualitative analysis, based on counting key
papers of JXAS, and we concluded that the advantage domains of JXAS are “metal
alloy” and “rare earth extraction.” Figure 1 illustrates the timely distribution of rareearth-extraction-related research in JXAS.
The analysis of the advantage and potential domains of a PAS would be a very
useful reference for its further development, especially if it is integrated with
industry planning for the Province (i.e., a matching analysis). So, in the allocation
of its human resource strategies and research planning, the academy institutes need
to match their advantage and potential domains with the development goal of the
province’s industry planning. For example, after we compared the advantage
domains of JXAS with the key industries defined by Jiangxi’s Provincial S&T
Innovation Project and the 12th Five-Year Plan, we found that gaps and problems
still exist in different fields, and the result is shown in Table 4.
3.3.3

Identification of leading PRIs

Beside the functions mentioned above, our index can also be used to identify the
leading PRIs, which is also a significant feature of this index. In order to provide
good examples for the improvement of management models, development planning,
and human resource strategies of PRIs, we can identify advantages of a PRI mainly
by reviewing its input-output ratio, the number of S&T outputs, and their quality.
In Figs. 2 and 3, the horizontal axis represents the number of published SCI
papers, while the vertical axis refers to the number of the non-self-citations, and the
bubble size illustrates the average non-self-citations. We can see the amount and
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Year
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16
14
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8
6
4
2
0

SCI papers

80
31

Results

64
44
0.0044
0.0033
0.63
0.71

Third level
SCI papers
Predominantly contributed
papers
Patents
Inventions patents
SCI papers
Patents
SCI papers
Patents

290
269
3.62
3.36
8
15
Central South University,
Tsinghua University
National or Provincial
Natural Science
Foundations

Results

Regional
32
Transfer of R&D achievements
contributions Innovative firms
16
(2013)
Business revenues (RMB 10,000)
3,892
Technical service revenues
(RMB 10,000)
Qualitative analysis
Matching analysis of JXAS
advantage domains and Jiangxi’s
key industries

Second level
Citations
Non-self-citations
Average citations
Average non-self-citations
H-index
Awards equivalent or above
provincial levels (since 2005)a
Top partners
Top funding agencies

First level
Impact

Note: a, except that the indicator “awards” (equivalent or above provincial levels) has been calculated since 2005, all others have been measured from 1979 to
2012.

Advantage subjects Metallurgy engineering material science
Advantage domains Alloy and rare earth
Advantage teams
Jiangxi Key Laboratory of Advanced Copper
and Tungsten Materials
Applied Physical Research Institute

Development Annual distribution
tendency
of SCI papers

Input-output ratio
(RMB 10,000)
Proportion of
outputs in Jiangxi
Province (%)
Provincial ranking

Second level

Outputs

S&T outputs

Key results of JXAS competitiveness analysis

Strategic
Transformation of
Special Libraries

Articles
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Chinese Academy of
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First level
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Extraction of rare earths from the leach liquor of the
weathered crust elution-deposited rare earth ore with
non-precipitation

Kinetics on leaching rare earth from the weathered crust elutiondeposited rare earth ores with ammonium sulfate solution

2011

Leaching process of rare earths from weathered crust elutiondeposited rare earth ore
Optimisation of mass transfer in column elution of rare earths
from low grade weathered crust elution-deposited rare earth ore

Fig. 1 Timely distribution of the rare earth extraction research

Table 4
Institute

Matching analysis of JXAS advantage domains and Jiangxi’s key industries

Current advantage domains

Development orientation

Problems and suggestions

Microbiology Biological fermentation and Drug development
product extraction
Microbiological
epidemiology and prevention
Pharmacology

Research for anti-cancer drug
should be strengthened.
Relevant R&D projects should be
combined with the biomedical
industries of Jiangxi Province.

Applied
chemistry

Organic silicon materials
Rare earth extraction

Rare earth industry

Consolidating research of rare earth
extraction.
Expanding applied research of rare
earth, especially those about
luminescent materials, hydrogen
storage properties, and alloy.
Taking more relevant industries’
needs into consideration in the rare
earth R&D projects.

Applied
physics

Advanced copper-tungsten
materials
Metal surface odification

Copper-tungsten industry Expanding to multiple related
research areas.
Tantalum and niobium
Paying more attention to industries’
industry
needs.
Aeronautical materials

quality of different PRI outputs, and find out which institute is most productive. The
overall performance of Shanghai and Beijing is notably better than the others, while
academies of Guangdong, Guangxi, Shandong, and Henan have produced more SCI
papers. It is not difficult to see that the quality of the research work of the Gansu
Academy of Sciences is always better than that of most of its counterparts in other
provinces, although its output is not great.
3.3.4

Further considerations and suggestions

After a comprehensive consideration of such indicators as developing scales,
funding supports, research outputs, impact, and input-output ratios, we have
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classified all PASs in this study into two groups. The first includes the academy
institutes in Shanghai, Shandong, Guangdong, Guangxi, Beijing, and Henan, which
are characterized by their strength in numerous research domains. In addition, all
these provincial-level academies have their own specialized institutions for
consulting and achievement transformation, and have developed rapidly in recent
decades with high growth of rich patents and high business and technical service
revenues. All the other PASs are in the second group, which need to learn from the
first group for improvement, especially in management and operation mechanisms,
development planning, and human resource strategies.
Additionally, some PASs should take measures to increase their proportion of
highly-educated professional researchers and optimize their personnel structures,
which would enhance their potential ability for predominantly contributed works.
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Finally, PASs should consider the overall S&T and industrial planning of their
provinces and regions when making their development strategies. This will not only
take advantage of local resources and talents, but can also help the province in
meeting its strategic development goals. More importantly, the academy institutions
need to play a more important role in the PASs’ R&D achievement transformation
and incubation working schemes. Only by converting the achievements produced
in laboratories into new products and services can the PASs become real accelerators
of their provinces and contribute to the regional development.

4.

Conclusions

Compared with evaluation frameworks for NRIs, which usually focus on the
assessments of research capacities and impact of an institute, our index for PRIs
pays more attention to the dynamic changes in R&D development trends, such as
their advantage domains, existing gaps between research project goals and the
industrial needs of the province, regional contributions, and leading institutions. In
other words, our index can not only evaluate hard indicators (capacities and impact),
but also consider soft ones (regional contributions and management, etc.)
However, as we still lack an effective way to integrate and analyze so many
different forms of information systematically, we did not choose books, technical
standards, and software copyright as data sources. Factors such as development
history, provincial policies, and other government supports, which are also closely
related to a PRI’s competitiveness, were not taken into consideration in this study.
Problems still exist to standardize unstructured information and form it into a
comparable analysis framework.
Despite the limitations mentioned above, we hope our analysis index for assessing
a PRI’s competitiveness will provide new insights into the related research in this
area.
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Appendix I: Names of China’s provincial academy of sciences ordered in an alphabetical way
Name of the PASs

Location

Abbreviation

1
2
3
4
5
6

Anhui Provincial Academy of Science and Technology
Beijing Academy of Science and Technology
Chongqing Academy of Science and Technology
Gansu Academy of Sciences
Guangdong Academy of Sciences
Guangxi Academy of Sciences

Anhui
Beijing
Chongqing
Gansu
Guangdong
Guangxi

7
8
9
10
11
12
13
14
15
16
17

Guizhou Academy of Sciences
Hebei Academy of Sciences
Henan Academy of Sciences
Heilongjiang Academy of Sciences
Hunan Academy of Science and Technology
Jiangxi Academy of Sciences
Shandong Academy of Sciences
Shanxi Academy of Sciences
Shanghai Academy of Science and Technology
Shenyang Academy of Science and Technology
Wuhan Engineering Science and Technology Institute

Anhui Province
Beijing Municipality
Chongqing Municipality
Gansu Province
Guangdong Province
Guangxi Zhuang Autonomous
Region
Guizhou Province
Hebei Province
Henan Province
Heilongjiang Province
Hunan Province
Jiangxi Province
Shandong Province
Shanxi Province
Shanghai Municipality
Liaoning Province
Hubei Province

Guizhou
Hebei
Henan
Heilongjiang
Hunan
Jiangxi
Shandong
Shanxi
Shanghai
Shenyang
Wuhan

National Science Library,
Chinese Academy of
Sciences
http://www.chinalibraries.net
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