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Orientation and Role of National Scientific Research Institutions in National
Strategic Scientific and Technological Strength

Abstract

An important task of enhancing strategic scientific and technological strength is to strengthen national
scientific research institutions. From the history of science and the international development, this study
discusses the development of the national research institutions and their characteristics as a national
strategic strength of science and technology, and discusses the role of Chinese national research
institutions in national development, summarizes the achievements and successful experience of the
national research institutions for facing the needs of the country, facing the frontier of science and
technology, facing the main economic battlefield, and facing the life and health of the people during past
ten years. Based on these discussions, policy suggestions are provided for the future development of
national scientific research institutions.
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The Fifth Plenary Session of the 19th Communist Party of
China (CPC) Central Committee and the 14th Five-Year Plan
place the enhancement of the national strategic scientific and
technological (sci-tech) strength in an important position.
Enhancing the national strategic sci-tech strength is the es-
sential way to accelerate the realization of self-reliance and
self-improvement in science and technology and promote the
construction of a leading power in science and technology. In
addition, it is also an important support for safeguarding
national security and improving the comprehensive national
strength and international competitiveness of China.

As a vital part of national strategic sci-tech strength, na-
tional research institutions are research organizations estab-
lished in important fields such as economic construction,
social development, and national defense to serve national
goals and interests. An important task of enhancing national
strategic sci-tech strength is to strengthen national research
institutions guided by national strategic needs, thereby giving
full play to the backbone and leading role of national research
institutions.

From the history of science and technology development
and international comparison, this paper studied the for-
mation and development of national research institutions and
their position and role in national strategic sci-tech strength,
especially its role since the founding of the People’s Republic
of China. This paper summarized the achievements and
successful experience of national research institutions for
meeting the national strategic needs, and put forward ideas
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and suggestions for the development of national research
institutions in the new era.

1 National research institutions as national
strategic sci-tech strength

From the history of science and technology development,
national research institutions are the organizations estab-
lished according to national needs and goals. After World
War |1, as a national strategic sci-tech strength, national re-
search institutions have developed greatly and played a de-
cisive role in key fields such as national security,
international competition, and economic and social
development.

1.1 National research institutions are the research
organizations established for national interests and
goals

From the first scientific revolution in the 16th century to
the current days, scientific research has formed three main
organizational forms: universities, enterprise R&D institu-
tions, and national research institutions. The Royal Society,
founded in 1660, was the earliest scientific organization,
which stipulated the rules of scientific activities and founded
academic journals. At that time, most members were amateur
scientists. The establishment of the French Academy of
Sciences in 1666 is more fundamental to the modern scien-
tific organizations. The French Academy of Sciences is the

© 2022 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd. 1



earliest national research institution in the world. Funded by
the government, its academicians were composed of the best
experts in various scientific fields. Later, Russia and Ger-
many established their research organizations according to
this model. Since the 19th century, with the establishment and
development of new research-oriented universities such as
the Humboldt University of Berlin, science has matured in
the universities, forming research organizations in which
teachers led students to engage in free exploration and re-
search. This model was then carried forward in the US and
influenced the world. From the second half of the 19th cen-
tury to the early 20th century, with the development of
science-based industries (chemical and electrical industries
were the typical ones), enterprises began to set up R&D in-
stitutions to engage in the R&D of new products and pro-
cesses, so as to improve their market competitiveness.

From the second half of the 19th century to the early 20th
century, national research institutions have developed rapidly
in western countries. A number of research institutions di-
rectly invested and managed by the state came into being,
with the purpose of serving national interests and goals.
These research institutions were established in public fields
such as agriculture, geology, and health. Germany’s national
research institutions were mainly established in the early 20th
century. The central government and federal states funded the
establishment of 40-50 professional research institutes in
application fields such as weather, atmosphere, geography,
geology, health, agriculture, fishery, and forestry [, After the
Civil War (1861-1865), the US established national research
institutions. With the process of industrialization in the US,
the federal government established a number of research
institutions in agriculture, forestry, fishery, meteorology,
geology, and other public fields. The US Geological Survey
(1879) and the agricultural experimental stations distributed
in various states were first established. Subsequently, a
number of federal sci-tech institutions and affiliated research
institutions were established, including the National Bureau
of Standards (1901), the Bureau of Statistics (1902), the
Bureau of Mines (1910), the Public Health Service (1912),
and the National Aviation Advisory Committee (1915). In
1930, the National Institutes of Health (NIH) was estab-
lished ™. After World War I, major countries began to es-
tablish military research institutions, such as the United
States Naval Research Laboratory.

Before World War 11, from a worldwide perspective, three
main organizational forms of modern science (universities,
enterprise R&D institutions, and national research institu-
tions) have been formed. Universities are mainly engaged in
the free exploratory research and the cultivation of talents;
enterprise R&D institutions are dominated by the business
objectives, mainly engaged in the R&D of new technologies
and products, as well as the improvement of products and
processes; national research institutions serve national goals
and interests, and solve important sci-tech problems in na-
tional and social development.

1.2 National research institutions are the main
organizational form of national strategic sci-tech
strength

The national strategic sci-tech strength came into being
during World War I1. During World War I, scientific appli-
cations and technological inventions produced in a series of
wars, such as atomic bomb, radar, and penicillin, have
changed the process of the war and showed the decisive role
of science and technology. During the war, the main groups
and organizations of scientists and engineers engaged in
exploration, R&D, and application in the sci-tech fields that
influenced and determined the outcome of the war became
the the national strategic sci-tech strength %1, After World War
11, especially after the beginning of the Cold War, based on
the successful experience of military science and technology
during World War 11, many countries established large mili-
tary and civilian research institutions in the fields of national
defense, atomic energy, space, and agriculture to build na-
tional strategic sci-tech strength. Taking the US as an exam-
ple, the US has established a national laboratory system
based on the Los Alamos National Laboratory and Oak Ridge
National Laboratory established by the Manhattan Project, as
well as the original laboratories distributed in Berkeley and
Chicago. Based on large scientific installations, these labor-
atories are engaged in a wide range of multidisciplinary re-
search, including physics, chemistry, engineering, biology,
and medicine, which not only undertake the research of mil-
itary technologies such as nuclear weapons, but also extend
to the energy system, and promote the development of the
frontier of physics and biomedicine. In 1957, after the Soviet
Union’s first artificial satellite was launched, the Jet Propul-
sion Laboratory of California Institute of Technology coop-
erated with the US military in the R&D of satellite launch,
and successfully sent the Explorer-1, the first man-made
satellite of the US, into space in January 1958 [, After that,
the National Aeronautics and Space Administration (NASA)
was established, the Jet Propulsion Laboratory was used as
the federal laboratory, and a number of R&D centers were
established, which laid the organizational foundation for the
US to finally win the space competition with the Soviet Un-
ion. At the same time, the US NIH, the Department of Agri-
culture, and the Environmental Protection Agency
strengthened their support for research institutions in their
respective fields. In this way, the United States has deployed
a number of strategic sci-tech strength in important national
strategic fields (defense, space, energy, health, environment,
agriculture, etc.), which has strongly supported the interna-
tional competition and national development of the US.

As a national strategic sci-tech strength, the role of na-
tional research institutions is prominently reflected in the
long-term and continuous research on major sci-tech prob-
lems in the national strategic fields and mutual cooperation.
For example, the wing performance of all aircrafts designed
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in the US after World War Il has been greatly improved,
which is own to the long-term research carried out by the
National Aviation Advisory Committee (the predecessor of
NASA) and the research results of computational fluid dy-
namics at the National Laboratory of the US [,

1.3 Characteristics of national research institu-
tions as national strategic sci-tech strength

(1) National research institutions have different organiza-
tional forms in different countries. The US national research
institutions include various forms, such as government-
owned/government-operated research institutions “, gov-
ernment-owned/contractor-operated research institutions ©,
and government-funded independent research institutions.
These research institutions are also commonly known as
federal laboratories 1, of which 17 national laboratories of
the Department of Energy are often called the US National
Laboratories. The main national research institutions in
Germany are the Max Planck Society, the Helmholtz Re-
search Association, and the Fraunhofer Society. The Max
Planck Society is mainly engaged in multidisciplinary and
interdisciplinary basic research. The Helmholtz Research
Federation has 16 national large-scale research centers,
which mainly use large-scale equipment to carry out inter-
disciplinary forward-looking research on energy, earth and
environment, medical health, key technology, material
structure, and transportation and aerospace . Franhoff So-
ciety undertakes the bridge between basic research and in-
dustrial technology development. On the one hand, it is
engaged in the basic research of high technology for appli-
cation, on the other hand, it also develops high-tech
achievements that can be put into production by industry.

(2) Commonalities of national research institutions and
their differences from university/enterprise R&D institutions.
Although national research institutions in major countries
have different organizational forms, missions, and objectives,
they have some commonalities. (O Carry out the organized
and long-term research in national security and strategic
fields, such as military science and technology, nuclear en-
ergy, space, and agricultural science and technology. @ Carry
out the research that is significant to the country but expen-
sive with great risks. This kind of research requires unique
scientific facilities and professional staff, which often beyond
the capability of private enterprizes and universities, such as
nuclear fusion. 3 Carry out the research on technology with
a large scale and long time, which is difficult for private
enterprises to bear, such as coal gasification and liquefaction.
@ Carry out the research that is of great significance to the
economic and social development of the whole country, but

the research department cannot directly obtain economic
benefits, such as industrial measurement standards, public
health and health care, and social and occupational safety. &
Carry out the sensitive confidential research and security
research 578, These characteristics distinguish national re-
search institutions from universities and enterprise R&D
institutions. Moreover, the research tasks of national research
institutions are oriented to the strategic needs of the country,
shouldering the mission and orientation, such as national
security, energy research, environmental quality, and public
health. Compared with national research institutions, uni-
versities carry out non-oriented and free exploratory research.
The research is generally performed by small research groups
composed of teachers and students, and the facilities used are
not large enough to carry out large-scale scientific research
projects. In addition, due to the high mobility of University
researchers, the campus cannot be regarded as an ideal place
to manage long-term research or lasting and labor-intensive
experiments. Enterprise R&D institutions are generally ori-
ented to the profitable research work, rather than the social
and national interests 1,

(3) Characteristics of disciplines and R&D activities of
national research institutions.(D National research institu-
tions engaged in research and development in the national
strategic fields are facing comprehensive and long-term
strategic scientific problems. They generally need a multi-
disciplinary and interdisciplinary foundation and have the
comprehensive ability from foundation and application to
technological development. For example, according to its
strategic objectives, NASA has deployed the research work
of four subject groups of science, aeronautics research, ex-
ploration system, and space operation, including a number of
related project groups of multiple disciplines, from founda-
tion to application, and from science to technology . @
Some long-term and powerful national research institutions
not only have strong capabilities in applied research and
technological development, but also have strong strength in
basic research. For example, since 1950, Lawrence Berkeley
National Laboratory has produced 20 Nobel Prize winners,
and Brookhaven National Laboratory has produced 19 ©. 3
National research institutions have advanced layout in the
emerging fields, which provides sources for the whole re-
search community to open up new directions and sustainable
driving force for development. For example, national labor-
atories such as Lawrence Berkeley National Laboratory and
Oak Ridge National Laboratory in the US began to deploy
biomedical research after World War 11 to study the effects of
nuclear radiation on human body. Decades of research ac-
cumulation laid the foundation for the Human Genome

(O Government-owned and government-operated (GOGO) forms, such as NIH internal research institutes and NASA research centers
@ Government-owned and contractor-operated (GOCO) forms, such as most national laboratories under the US Department of Energy.

® Office of Science, the us
https://science.osti.gov/About/Honors-and-Awards/DOENobel-Laureates.

Department

of Energy. DOE Nobel Laureates. [2022-05-02].
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Project firstly initiated by the US Department of Energy in
1990 and launched in cooperation with NIH.

(4) Institutionalized characteristics of national research
institutions as national strategic sci-tech strength. To sum up,
as the national strategic sci-tech strength, national research
institutions are institutionalized forces that invest and deploy
in important fields of national development (such as national
security, aerospace, strategic technologies and industries, and
important social welfare fields), and have gathered a group of
excellent sci-tech personnel. Taking national goals and in-
terests as the mission, national research institutions shoulder
the responsibility of solving major sci-tech problems that
restrict the overall development and long-term interests of the
country under the guidance of national strategic needs. As the
source of original innovation and disruptive technology,
national research institutions carry out the organized, basic,
strategic, and forward-looking research with multi-
disciplinary, multi-field, and long-term characteristics. They
have five institutionalized characteristics as follows. (O
Tackling strength. Focusing on the significant needs of the
country, national research institutions have the ability to
tackle major difficulties in science and technology. @ Mul-
tidisciplinary comprehensiveness. With a multi-disciplinary
foundation, national research institutions absorb the ad-
vantages of multi-disciplinary integration and carry out re-
search on complex and comprehensive scientific issues and
those in major social challenges. 3 Long term and sustain-
ability. National research institutions have the ability to con-
tinuously accumulate and make breakthroughs in important
fields. @ Leading role. National research institutions have
the ability to grasp the frontier direction of sci-tech devel-
opment and make breakthroughs in the frontier direction,
thus leading the development of the entire field as well as the
research organization and cultural construction. & Organi-
zational strength. National research institutions have the
ability to organize all team members and other units to jointly
tackle difficulties and deal with emergencies.

2 Role and successful experience of China’s
national research institutions in promoting
sci-tech development and meeting national
strategic needs

The science and technology had a quite weak foundation
when the People’s Republic of China (PRC) was found.
Facing the urgent needs of national economic construction,
social development, and national defense construction, it was
essential for the CPC and China to rapidly establish a sci-tech
team that brought together sci-tech resources and solved the
key problems of national development, thus developing
China’s science and technology. Under this circumstance,
Chinese Academy of Sciences (CAS) was established, and
then a number of national research institutions were established

successively in the fields of national defense, aviation, im-
portant industries, agriculture, and social development.
Guided by national strategic needs, these national research
institutions have solved major scientific problems in various
important fields of national development, overcome key
technological problems, and become national strategic
sci-tech strength that promoted China’s scientific, techno-
logical, economic, and social development and safeguarded
national security. After the reform and opening-up, China’s
national research institutions have undergone reform, trans-
formation, and development. A bunch of national research
institutions that have made great contributions to China’s
scientific, technological, economic, and social development
have been transformed into enterprises or research institu-
tions in enterprises. CAS, Chinese Academy of Agricultural
Sciences, Chinese Academy of Medical Sciences and other
research institutions have made continuous progress in re-
form and opening-up, and continue to play the role of na-
tional strategic sci-tech strength in meeting national strategic
needs.

2.1 China’s national research institutions as
national strategic sci-tech strength

211 Role of CAS in promoting sci-tech
development and meeting national strategic needs

In the early stage of the construction of the PRC, accord-
ing to the deployment of the CPC and the country, CAS, as
the center of national research ), assumed the responsibility
of leading the development of national science and technol-
ogy. CAS has established a number of research institutes to
gather research teams to serve economic construction and
national development. Among them, some institutes were set
up and developed based on the major needs of national de-
velopment. For example, the primary research direction of
the Institute of Mechanism, CAS fully reflected the national
needs. It laid out the initial research on rocket, missile, and
artificial satellite (91,

In the formulation and implementation of the 1956-1967
Long Range Development Program of Sciences and Tech-
nology (hereinafter referred to as the Twelve-Year Plan),
CAS played a leading and backbone role 4. In 1956, the
state implemented the Four Emergency Measures. CAS
quickly gathered its strength in the four emerging key tech-
nology areas, including radio, automation, semi-conductor,
and calculation technology, which laid a foundation for China
to catch up with the advanced international level in a short
time. In the development of “Two Bombs, One Satellite”,
which established China’s status as a major country, CAS
mainly undertook a series of key sci-tech tasks in the devel-
opment of atomic bombs and missiles, making significant
contributions to China’s “Two Bombs, One Satellite” project.
In particular, several generations of computers developed by
CAS in the Four Emergency Measures made outstanding
contributions to the successful development of atomic bombs
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and hydrogen bombs 12, Since the reform and opening-up,
CAS has been playing the key and leading role in strategic
sci-tech strength, and has been at the forefront of the reform
and opening-up, thereby creating plenty of “initial”
achievements in the reform and opening-up of China’s
sci-tech fields (for example, CAS initially set up a national
science foundation, initially advocated the establishment of
the national 863 Program, initially set up the first research
institute in the PRC, and initially implemented the degree
system). Outstanding achievements have been made in ad-
vancing scientific frontiers, fulfilling significant needs of the
country, serving the main economic battlefields, and building
talent teams [*31,

2.1.2 Role of the Fifth Research Institute of the
Ministry of National Defense in promoting the
development of China’s space industry

In 1956, the Fifth Research Institute of the Ministry of
National Defense was established, marking the beginning of
the development of China’s space industry. In the second year
of its establishment, the Fifth Research Institute of the Min-
istry of National Defense established two branches: the First
Branch (known as China Academy of Launch Vehicle
Technology nowadays), including eight research departments
of overall design, structural strength, aerodynamics, rocket
engine, ramjet, chemical propellant, material research and
testing, and the Second Branch, which is a research institu-
tion specializing in missile control system. In September
1961, the Third Branch of the Fifth Research Institute of the
Ministry of National Defense was established, which is now
the China Aerospace Science and Technology Research In-
stitute of China Aerospace Science and Industry Corporation.
In July 1962, the Fifth Research Institute of the Ministry of
National Defense established China’s first solid rocket motor
research institute in Luzhou, Sichuan. In April 1964, it was
renamed the Fourth Branch of the Fifth Research Institute of
the Ministry of National Defense. In December 1964, the
Seventh Ministry of Machinery Industry was established on
the basis of the Fifth Research Institute of the Ministry of
National Defense. The First Branch of the Fifth Research
Institute of the Ministry of National Defense was then re-
named the First Research Institute of the Seventh Ministry of
Machinery Industry. Later, it was renamed the First Research
Institute of the Ministry of Aerospace Industry, the First
Research Institute of the Aerospace Industry Corporation,
and the First Research Institute of China Aerospace Science
and Technology Corporation, also known as the China
Academy of Launch Vehicle Technology. In 1962, Academy
of Aerospace Solid Propulsion Technology (also known as
the “Fourth Aerospace Academy”) was established, which
was the largest and most powerful base for the basic theo-
retical research, design, development, production, and tests
of the solid rocket motor in China. In 1968, China Academy
of Space Technology was established, namely the Fifth Re-
search Institute of the Seventh Ministry of Machinery

Industry, which was the main research center of China’s
space technology and the base for spacecraft development
and production. Thereafter, the Seventh Ministry of Ma-
chinery Industry was renamed the Ministry of Aerospace
Industry, the Ministry of Aerospace Industry, and then split
into Aviation Industry Corporation of China, Ltd. and China
Aerospace Industry Corporation (China National Space
Administration). Until 1999, the current China Aerospace
Science and Technology Corporation and China Aerospace
Science and Industry Corporation Limited were established
on the basis of some enterprises and units affiliated to the
former Aerospace Industry Corporation 141,

The establishment and development of the Chinese
Academy of Aerospace Engineering, starting from the Fifth
Research Institute of the Ministry of National Defense, has
brought about the start, development, and maturity of tech-
nologies in various fields of aerospace. It has not only con-
tributed to China’s “Two Bombs, One Satellite” cause, but
also made great contributions to a series of development,
including launch vehicle, scientific satellite, recoverable
satellite, communication satellite, meteorological satellite,
remote sensing and resource satellite, Beidou satellite navi-
gation system, progress of China’s lunar exploration project,
and manned aerospace project [*°],

2.2 Achievements and successful experiences of
national research institutions in facing national
strategic needs in recent ten years

Over the past decade, China’s sci-tech strength is moving
from quantitative accumulation to qualitative leap, from point
breakthrough to system capability improvement, and sci-tech
innovation has made new historic achievements. CAS and
other national research institutions have played an important
role in fulfilling the significant needs of the country, targeting
the global sci-tech frontier, serving the main economic bat-
tlefields, and benefiting people’s life and health.

2.2.1 Fulfilling the significant needs of the country
and strongly supporting the national strategic tasks

(1) Science and application of manned spaceflight and
lunar exploration projects. CAS is one of the initiators and
organizers of China’s manned spaceflight and lunar explora-
tion projects, as well as the proposer and implementer of
scientific and application goals. More than 50 affiliated units
have undertaken a large number of important engineering
tasks and collaborative supporting tasks in the manned
spaceflight and lunar exploration projects, breaking through a
large number of key technologies and providing strong
sci-tech support for the implementation of the project.
Tiangong Il has completed 14 experiments in three major
scientific fields, and made outstanding scientific progress. In
the lunar exploration projects, CAS has successfully accom-
plished the projects of the development and scientific ex-
ploration of Chang’e-1, 2, and 3.

(2) Development of Beidou Navigation Satellite System
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series satellites. Beidou Navigation Satellite System is a
global navigation satellite system built and operated inde-
pendently by China, compatible with other systems in the
world and public. As one of the main construction units, CAS
has organized 14 units to undertake the development tasks of
Beidou-2, global system test satellite, and Beidou-3 global
networking satellite, leading the leap-frog development of
China’s advanced satellite technology and contributing to the
global networking of Beidou Navigation Satellite System (6,

(3) Deep-sea equipment, technology, and exploration. In
recent years, as national strategic sci-tech strength, China’s
national research institutions have carried out in-depth re-
search on key technologies in the field of deep-sea equipment
and technology, and made various sci-tech achievements
represented by Jiaolong, Deep-sea Warrior, and Striver,
leading the leap-frog development of China’s deep-sea sci-
ence and technology. The deep-sea manned submersible,
Striver, broke the 10 000-meter milestone for eight times in
the Mariana Trench, the deepest depth in the world, and set a
national diving record of 10 909 meters. China Ship Scien-
tific Research Center (702 Research Institute of China State
Shipbuilding Corporation Limited) took the lead in the
overall design and integrated construction of the Striver, and
the Institute of Deep-sea Science and Engineering of CAS
organized the sea trial as the owner. The Striver and other
sci-tech engineering tasks have realized the large team co-
operation of national sci-tech strength across systems, units,
and departments. It is a vivid practice for China to give full
play to the institutional advantages of pooling all resources to
accomplish major tasks, thus exploring a new system con-
centrating nationwide effort and resources on key national
sci-tech undertakings 271,

2.2.2 Serving the main economic battlefields and
benefiting people’s life and health

In recent years, CAS has made a number of major sci-tech
achievements in agricultural science and technology, core
technologies and industrial demonstrations of clean and ef-
ficient utilization of coal, nonlinear crystal materials and
equipment, stem cell and regenerative medicine research,
new drug development, resource and ecological environment,
disaster prevention and mitigation, etc. The transformation
demonstration project has taken root with significant eco-
nomic and social benefits. For instance, in terms of the clean
and efficient utilization of coal, CAS has broken through the
engineering technical difficulties of indirect coal liquefac-
tion, and successfully applied it to the world’s largest single
set of 4 million tons/year coal-to-liquids project. CAS has
firstly achieved the industrialization of coal-to-olefins in the
world, and successfully developed a complete set of indus-
trialized technologies for methanol-to-olefins (DMTQ) and
completed its industrial application. CAS has developed the

coal-burning technology of circulating fluidized bed with
high efficiency and low pollution, and realized ultra-low
emission of nitrogen oxides by directly burning coal, burning
semi coke, and burning residual carbon. For another example,
a series of original achievements have been made in the field
of stem cells and regenerative medicine, a number of core
technologies with independent intellectual property rights
have been established, and a large number of preclinical and
clinical research work have been carried out using these
technologies, achieving great results .

2.2.3 Vigorously supporting national emergency and
safety management

The outbreak of COVID-19 has posed a serious threat to
people’s health and economic and social development in
China, which has become a major emergency issue related to
national strategic security. In response to the COVID-19, the
State Council has established a research team on the joint
prevention and control mechanism for the COVID-19
(hereinafter referred to as the research team) to urgently start
vaccine development and give play to the advantages of the
new system concentrating nationwide effort and resources on
key national sci-tech undertakings. In January 2020, the
research team deployed five main technical routes, involving
inactivated vaccines, adenovirus vector vaccines, recombi-
nant protein vaccines, vaccines using attenuated influenza
virus vectors, and nucleic acid vaccines, and selected 12
teams to support the promotion. Most of the 12 teams for
novel coronavirus vaccine R&D were national strategic
sci-tech strength supported by the national science and
technology plan for a long time. As national research institu-
tions, they demonstrated the strategic sci-tech strength. CAS,
Academy of Military Medical Sciences, Chinese Academy of
Medical Sciences, and other research institutions gathered
multi-disciplinary platforms such as virus isolation, antigen
design, animal model construction, in vivo and in vitro
evaluation, and quality verification to provide common
technical support, and quickly applied the research results to
vaccine R&D, significantly supporting China’s global lead-
ership in the progress of novel coronavirus vaccine R&D. As
of April 2021, 19 vaccine varieties across the country have
been approved for clinical research, covering all five tech-
nical routes. From launch to approval, the “Chinese speed” of
novel coronavirus vaccine R&D is not only much faster than
the usual 5-18 years, but also exceeds the 12-18 month
vaccine R&D cycle in the pandemic situation 11,

2.2.4 Promoting the development of the frontier of
science and technology

In terms of basic research, the research teams of the In-
stitute of Physics of CAS and the University of Science and
Technology of China have made major breakthroughs in

@ Chinese Academy of Sciences. 54T ZARHA T HE——+ )\ K LK o E B 4 B 817 AR 2. [2022-05-02]. hittp://cxcj.cas.cn/ceg/mxgmjjzze/fwrkyjk.
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iron-based superconductivity, which have won the first prize
of the 2013 National Natural Science Award. In 2012, the
international research team led by the Institute of High En-
ergy Physics of CAS found a new mode of neutrino oscilla-
tion in the neutrino experiment of Daya Bay reactor, and
accurately measured the neutrino mixing angle 613. This
important achievement was a new understanding of the basic
laws of the material world, and was selected into the Top Ten
Breakthroughs in the Year 2012 of Science. In 2017, the
Center for Excellence in Brain Science and Intelligent
Technology of CAS took the lead in overcoming the problem
of cloning monkeys from non-human primates, and artifi-
cially created single-chromosomal eukaryotic cells for the
first time, which was another breakthrough in the field of
cloning biotechnology after the cloning of sheep “Dolly” in
the UK in 1997. In 2016, the Five-hundred-meter Aperture
Spherical Radio Telescope (FAST, also known as China Sky
Eye) built by CAS was the world’s largest single-aperture and
most sensitive radio telescope with China’s independent
intellectual property rights. The millisecond pulsar first dis-
covered by it was internationally certified in April 2018,
opening a new era of pulsar discovery by China’s radio
telescope 161,

2.3 Successful experience of national research
institutions in meeting national strategic needs

In terms of meeting the national strategic needs, the main
successful experiences of national research institutions are as
follows.

(1) Have strong organization and leadership. “Two
Bombs, One Satellite” has created a new system of pooling
national resources and strengths to overcome key techno-
logical problems. Strong leadership is the key to success.
This spirit and mode will continue to be maintained and
carried forward in China’s aerospace industry, forming a
top-down system for decision-making, management, and
research with the characteristics of smooth from top to bot-
tom, strict management, and strong leadership. This provides
organizational guarantee for a series of major breakthroughs
in China’s space industry [*°., In the recent campaign to fight
against the COVID-19 and develop a novel coronavirus
vaccine, the strong leadership was proved to be the guarantee
of success.

(2) Aim at strategic sci-tech issues with a long-term view.
National research institutions should solve the important
sci-tech problems in the current national development. In
addition, they should focus on the long term, aiming at the
strategic sci-tech problems that support the long-term de-
velopment of the country. We should deploy strategic basic
research and cutting-edge technologies in advance, continue
to tackle key problems, and enhance the foundation and
ability of science and technology to support the country’s
development.

(3) Adhere to independent innovation as the strategic basis
for sci-tech development. In the key fields of national

development, we can only rely on ourselves to acquire key
and core technologies. We should insist on independent in-
novation and vigorously develop key and core technologies
with independent intellectual property rights. The achieve-
ments of China’s manned spaceflight industry fully demon-
strate the importance of insisting on independent innovation.

(4) Give full play to the gathering and coordination ability
of institutionalized teams. In tackling key technologies, it is
necessary to give full play to the institutionalized advantages
of strategic sci-tech strength. In terms of manned spaceflight
and lunar exploration projects and the development of Beidou
Navigation satellite System series satellites, CAS has orga-
nized dozens of units to undertake a large number of im-
portant engineering tasks and cooperative supporting tasks,
breaking through a large number of key technologies. The
achievements in deep-sea equipment, technology, and detec-
tion were jointly accomplished by the units across the coun-
try, including the China Ship Scientific Research Center and
the Institute of Deep-sea Science and Engineering of CAS.

(5) Put people first and stimulate the creativity and vitality
of sci-tech talents. Sci-tech talents are the first driving force
for the sci-tech cause. We should attract and gather out-
standing talents with a global perspective, stimulate the en-
thusiasm and creativity of talents with national honor and
sense of mission, create a good environment, and cultivate
and bring up leading sci-tech talents.

(6) Adhere to reform and innovation as the driving force.
We should follow the laws of sci-tech development and in-
novation activities, learn from advanced international expe-
rience, break the shackles of obsolete ideas, systems, and
mechanisms, promote the construction of the governance
system of research institutes with Chinese characteristics,
reform and improve the organization and implementation
mode of major research projects, and promote the reform of
sci-tech appropriation system and personnel system.

3 Ideas and policy suggestions for
strengthening the construction of national
research institutions

At present, in the face of great changes that have not been
seen in the world in a century, especially the increasing in-
ternational competition situation and the critical period of
transformation and upgrading of China’s economic and social
development, we need to focus on solving a number of major
strategic sci-tech problems that affect and restrict the overall
development and long-term interests of the country, and use
science and technology to provide solid support for the
long-term development of the country. Therefore, it is nec-
essary to strengthen the role of national research institutions,
maintain a strong research team focusing on research and
innovation in the national strategic field, and give full play to
the advantages of institutionalization, systematization, and
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integration of national research institutions. National re-
search institutions should play a core and crucial role in
overcoming major scientific problems, tackling key technical
problems, and providing scientific support for major eco-
nomic and social development issues, thus driving the de-
velopment of the whole national strategic sci-tech strength,
and improving the overall efficiency of the national innova-
tion system.

(1) At the level of national strategy, strengthen top-level
design and clarify strategic orientation. Under the guidance
of self-reliance and self-improvement in science and tech-
nology, we should focus on national strategic needs and
strengthen the strategic deployment of sci-tech innovation in
key areas of national economic and social development and
national security. We should determine the key technical
fields to solve the current development bottleneck, the key
cultivation and development direction for future develop-
ment, as well as the specific major tasks, and form a clear
sci-tech goal orientation. We should establish a mechanism
for national strategic sci-tech strength to undertake major
national sci-tech tasks, establish appropriate R&D systems
and organizational models, give play to the backbone and
leading role of national research institutions, and build the
main force of national strategic sci-tech strength.

(2) At the level of national research institutions, promote
reform and development. O Clarify the mission orientation
of national research institutions. We should stably support a
group of national research institutions in forward-looking,
basic, and strategic research fields, clarify their mission ori-
entation and functions, and make them focus on their mission
and objectives in terms of resource allocation, organizational
model, and operating mechanism. @ Promote the reform and
reconstruction of the research system of national research
institutions. According to the functional orientation of re-
search institutions, we should scientifically and rationally
distribute research forces, reform and reshape research or-
ganization units, and enhance core competence and collabo-
rative innovation. 3 Deepen the institutional reform of
national research institutions. We should reform the operating
mechanism of research institutions, establish a modern re-
search institution system, and improve the corporate gov-
ernance structure. Moreover, we should promote the reform
of fund allocation, personnel system, and income distribution
system. In terms of subject selection, fund use, personnel
allocation, and reward system, more autonomy should be
given to research institutions, with giving “special policy” to
some extent, so that research institutions can flexibly allocate
resources according to the rapidly changing situation of
sci-tech development and the changes of international com-
petition. @ Establish a goal-oriented mechanism in institu-
tional performance evaluation and dynamic adjustment.
Taking the performance of research institutions as one of the
main basis for support in the next year, a competition and
adjustment mechanism will be formed within and among
national research institutions.

(3) Strengthen the cooperation between national research
institutions with research-oriented universities and leading
sci-tech enterprises, and improve the overall capability of the
national strategic sci-tech strength system. Surrounding the
national strategic objectives, we should enhance collabora-
tion among various subjects of the national strategic sci-tech
strength, form a cross-agency and cross-field network for
innovation and cooperation, improve the overall capacity and
efficiency of the national strategic sci-tech strength, and
promote the overall efficiency of the national innovation
system. National research institutions should strengthen co-
operation with high-level research-oriented universities, and
rely on strategic sci-tech tasks to carry out cooperative re-
search and joint training of talents with universities. They
should also strengthen cooperation with leading science and
technology enterprises, effectively utilize their advantages of
technological competitiveness perception, and jointly carry
out R&D of key industrial common technologies, and trans-
formation and industrialization of sci-tech achievements.
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