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Abstract

For much of the time after its genesis, modern science was primarily
a spontaneous, interest-based activity. And since the beginning of World
War | , the understanding and awareness of science as a vital national
resource gradually spread among scientists, politicians, entrepreneurs,
and the public. During World War [, the role of science became more
prominent, and science-based technologies such as radar, airplanes, and
atomic bombs had a profound impact on the course of the war, and the
role of science was fully reflected in the wartime environment. This
led to the realization that science is not only significant in winning the
war, but will also play a key role in the competition thereafter between
nations. In 1945, Vannevar Bush clearly stated in his report Science: The
Endless Frontier that “Scientific progress is, and must be, of vital interest
to government”. The report profoundly influenced the formulation of
science and technology policies in the United States, and around the
world.

At present, a new round of technological revolution is rapidly
developing and will profoundly change the development pattern of the
world and greatly promote economic and social progress. Against the
backdrop of increasingly fierce global competition, governments are
constantly adjusting and improving their strategies and policies for

science and technology innovation, increasing investment in science
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and technology, strengthening R&D in key areas, and actively fostering
new strategic industries to ensure a favorable position in international
competition. At present, China is at the intersection of the implementation
of the innovation-driven development strategy and a new round of
scientific and technological revolution, and the development of science
and technology in China is facing a once-in-a-lifetime opportunity as
well as serious challenges. The Report to the 20th National Congress
of the Communist Party of China emphasizes that “We must regard
science and technology as our primary productive force, talent as our
primary resource, and innovation as our primary driver of growth. We
will fully implement the strategy for invigorating China through science
and education, the workforce development strategy, and the innovation-
driven development strategy. We will open up new areas and new arenas in
development and steadily foster new growth drivers and new strengths”.

In 2019, the National Natural Science Foundation of China and the
Chinese Academy of Sciences jointly launched the program “Strategic
Research on the Development of Science Disciplines and Frontier Fields
for China (2021—2035)”, which contains a total of 38 sub-projects.
Among them, the general introduction is a synthesis or summary of the
series of books, divided into two parts. The first part covers the historical
evolution and development of science disciplines, the characteristics of
their development driven by national and technological needs and their
relevance to the society, the overall situation of the future development
of science in the world, and the current situation and future developing
trends of science disciplines and frontiers in China. The second part is
a summary based on the results given by this series of books. Here we
propose the following conclusions as a result from a review of the general

introduction.
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Abstract

1. The continuous differentiation and integration of disciplines
have been driven by a confluence of momenta, fuelled not only by
the endogenous logic of disciplinary development themselves, but
also by the external impetus given by the broader society. The two
sources of drivers are in an interactive relationship

From a perspective of science and technology history, the book
examines the development of science disciplines in China, examining
its evolution from the classification of natural knowledge to the
establishment of a modern system of science. Meanwhile, it gives an
analysis of the driving forces behind the disciplinary development in
modern science.

In the process of continuous differentiation and integration of
disciplines, the recent understanding of knowledge has gradually become
pragmatic, with intellectual developments within disciplines and new
research methods being the main drivers of disciplinary development.
The emergence of sub-disciplinary academic communities has provided
for the steady development of disciplines; and the external social and
cultural demands have given a strong impetus to the development of
science.

When combing through the studies on the disciplinary evolution
of science in China, it can be seen that the development of the various
disciplines of modern science and technology has undergone a long and
bumpy journey. Ancient China had its own unique system for knowledge
classification, interspersed with all kinds of natural knowledge. The
late Ming dynasty and the Qing dynasty witnessed the first wave of
introduction of European scientific and technological knowledge into
China on a large scale. After the Opium Wars, modern science, which
started to take shape in the West, was introduced to China in a more

systematic way. At the time, the modernization of China’s disciplinary
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system began to advance hand in hand with the modernization of the
country. The study details the gradual establishment of the systems of
modern universities and scientific research institutes in China, and the
leapfrogging of the various disciplines of modern science and technology
in China after the founding of the People’s Republic of China, as a by-
product of the exploration and establishment of a disciplinary system in

the country.

2. National needs and technological development are the two
major drivers for the current disciplinary research as well as
the explorations on the frontier areas

The book examines the advancement of science disciplines and
frontier areas driven by national demands and technological development.
It argues that national demands drive the evolution of scientific frontiers
via three devices: the establishment of a systematic funding system at the
national level, direct incentives, and the promotion of market-oriented
scientific R&D through the national innovation system. Respectively
focusing on the above-mentioned three devices, the book examines the
dual role of the existing disciplinary framework and the peer review
system in the consolidation of innovative disciplines, the current situation
of national laboratories affiliated to different governmental sectors, and
the establishment of R&D departments in companies and R&D-based
enterprises that go beyond the traditional disciplinary framework.

In the development of disciplinary frontiers, the driving role played
by technological drivers cannot be ignored. The extensive technological
advancement has driven the disciplinary convergence and integration,
promoted the advanced research at the disciplinary frontiers, and given
rise to more new disciplinary growth points. The study analyzes the

relationship between the technological drivers and the evolution of
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disciplines and frontier areas at micro-, meso- and macro-scopic levels
respectively, based on case studies each focusing on nanotechnology
and “nano+” effects, artificial intelligence technologies, mega scientific

apparatuses, and biotechnology and biosafety.

3. The global scientific development manifests significantly
different trends of change compared with the past

The book analyzes the current changes in the organization of science,
the convergence of disciplines, the methodology of scientific research,
the openness of science, and the social impact of science, giving trends in
the current disciplinary research and frontier explorations.

At present, scientific research itself, the science institution and policy,
and its research culture are all currently under constant evolution. The
increasingly intensive competition and the growing expectations of
science are driving changes in the roles, functions and interactions of
universities, research institutes, funding bodies and publishers, creating
new patterns of interest in the production of scientific knowledge.
This has changed the relationship between production and application
of scientific knowledge, and also the relationship between science,
technology and innovation.

In the development of science disciplines and frontier areas, the
study identifies a series of trending tendencies. First, current disciplines
are becoming increasingly organized, with science being integrated into
different hierarchical levels of organizational categories. Major national
missions and tasks are leading to new disciplinary integration, resulting
in more and more intensive convergence and integration in disciplinary
development. Research perspectives beyond reductionism are taking
momentum, with computer simulations and data science playing an

increasing role. The “Internet+” is changing the ecology of science
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exchanges, and open science is reshaping the boundaries of science.
On the other hand, emerging technologies are raising important ethical
issues, and trustworthiness is becoming an important part of scientific and

technological governance.

4. Against the context of China’s efforts to build a world power
of science and technology, the evolution of its disciplines and frontier
areas requires a balancing between the pursuit of major S&T issues
and the national strategic needs, and further enhancement of science
and technology governance capacity in frontier areas through
systematic and institutional improvements

The book provides an analysis of the current situation and problems
in China’s science disciplines and frontier areas, and makes a positional
judgment for the development of science and technology in the new era as
well as the developing direction of the key areas in its science disciplines
and frontier areas, so as to give corresponding policy recommendations.

The study analyzes the driving factors for the development of science
disciplines and frontier areas in China, respectively focusing on the
driving factors originated from technical and scientific explorations and
those from national needs. For the former, two aspects are specifically
studied, namely the requirements from the pursuit of major scientific
issues, and the needs to tackle common problems in strategically
important technologies. For the latter, the study gives an in-depth
analysis targeting six aspects, respectively focusing on national demands
in climate change, population aging and advanced aging, risks and
opportunities in health issues, intelligence and the Internet of everything,
energy demands, and national security. Based on a summary of the
overall situation of science disciplinary development, the study makes
a positional judgment on the current problems faced by the science

disciplinary development in China. The study concluded that in terms of
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disciplinary settings, there exist problems such as meticulous division
of disciplinary categories, a lack of comprehensive and interdisciplinary
integration, the delayed start in the division of interdisciplinary systems,
and the imbalanced development of disciplines. In terms of talent, the
study identifies a series of problems, including a relatively low proportion
of R&D talent and weak competitiveness in the workforce, and an
insufficiency of workforce expert at interdisciplinary research. In terms
of independent facilities and platforms, there is room for improvement
in the areas of medium and high-end instruments and facilities, research
information and data, and research reagents. As for institutional factors,
the study indicates that improvements are needed in the systems of S&T
performance assessment, funding, transfer and transformation of S&T
achievements, and protection of intellectual property.

Against the context of China’s efforts to build a world power in
science and technology, the study analyse the importance of open
innovation and international cooperation for China’s science and
technology development and the new connotations and requirements they
present. The study integrates different approaches and methodologies,
including scientometrics reports (e.g. Research Frontiers and Engineering
Frontiers), relevant reports on technology trends (e.g. Gartner Strategic
Technology Trends, MIT Technology Review, etc.), expert interviews
and questionnaire. In combination with the Outline of the 14th Five-Year
Plan and 2035 Vision for National Economic and Social Development
of the People’s Republic of China and the medium- and long-term
science and technology layout, and with the needs for the development
of fundamental frontiers and core technologies, the study tentatively
proposes some key core areas for the development of disciplines and
frontiers in China. In consideration of the future development and

China’s development priorities, the study gives policy recommendations
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in four aspects: (1) precise policy efforts to eliminate institutional barriers;
(2 emphasis on basic research and optimization of disciplinary systems;
(3 innovative talent mechanisms to strengthen intellectual support; and
(@ strengthened construction of disciplinary collaborative innovation

platforms.
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