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Convergence Science as a New Paradigm and Its Requirement for Open Data
Abstract
"Convergence Science" is a new paradigm of scientific research based on multi-disciplinary integration to
solve grand problems, which is considered as a new opportunity for human beings to address major
economic and social problems. Promoting "Convergence Science" means the fundamental change of
scientific research ecology, one of the most basic aspects is the open sharing of data. Based on the basic
characteristics of "Convergence Science" as a new paradigm of scientific research, this study puts
forward new requirements of "Convergence Science" in terms of basic data, such as the whole disciplines,
the whole processes and the full panorama, and then introduces the successful practice of open data
supporting "Convergence Science". Finally, it looks forward to the future prospect of promoting
"Convergence Science" with "open data".
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characteristics of “convergence science" as a new scientific
research paradigm. It puts forward its new requirements for
basic data and then introduces the successful practice of open
data supporting “convergence science.” Finally, it looks
forward to the future prospect of promoting “convergence
science” with “open data.”
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Since modern times, scientific research has greatly encouraged human beings to explore knowledge and solve
problems, becoming the engine for human modernization.
However, the existing scientific researches based on discipline division still cannot effectively solve many grand
problems faced by human beings such as energy shortage,
environmental pollution, and health threats. In this regard,
interdisciplinary research and mission-oriented study
emerging since the World War II have gradually condensed
and evolved into a new paradigm of scientific research based
on the multi-disciplinary integration to solve major problems
in the early 21st century—“convergence science.” [1]. It has
received active initiatives from scientifically and technologically developed countries represented by the US. The reform
and exploration of China’s scientific and technological circles in recent years have been also highly consistent with the
development trend of “convergence science” in the world.
For example, the Chinese Academy of Sciences has proposed
strategic deployments in eight major innovation areas in the
Development Outline of Chinese Academy of Sciences during the 13th Five-Year Plan Period [2] and conducted pilot
evaluations from the perspective of convergence [3] based on
the comprehensive advantages of multiple disciplines. The
National Natural Science Foundation of China promoted the
“New Era Science Funding-Orientated” reform [4] and so on.
“Convergence science” will bring about a fundamental
change in scientific research, which needs to be promoted
from many aspects such as planning, organization, evaluation, and personnel. One of the most basic aspects is the
open sharing of data. This paper first discusses the basic
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1
Basic characteristics of “convergence
science”

Compared with traditional scientific research paradigms,
the fundamental difference of “convergence science” lies in
“convergence.” In the white paper issued by the Massachusetts Institute of Technology in 2011, it was clearly stated for
the first time that the “convergence” of life sciences, physics
and engineering represented the third major changes in the
field of life science. Besides, its far-reaching impact would
break through the scope of life science and promote major
progress in many industries such as health, energy, food,
climate and water resources [5]. The white paper further extracted the essence of “convergence” and believed that
“convergence” indicates the integration of methods, technologies, processes, and equipment that were originally
considered to be separation and fragmentation to promote
new scientific and technological progress. In 2014, the US
National Research Council further pointed out that “convergence” was a (research) path crossing the boundaries of disciplines to solve problems. This path integrates life with
health, physics, mathematics, computer science, engineering
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“convergence science” connects knowledge discovery,
technological inventions and market products and focuses on
innovatively solving practical problems. In this way, it helps
to actively play an important role of bridge between traditional academia and industry to more effectively cross the
“valley of death” between technological invention and
product marketization.
(3) Relying on the deep cross-disciplinary integration:
With regard to research methods, “convergence science”
relies on the deep crossover and integration of multiple disciplines, but it does not mean simply gathering researchers
from different disciplines together. It means that at the beginning of condensing major issues, researchers with different knowledge backgrounds are consciously gathered to find
a research plan to solve a specific problem or challenge, and
crossover and integration of disciplines are throughout the
whole process of addressing challenges [7]. In the process of
mutual penetration between disciplines, different knowledge,
theories, methods, and data are frequently interwoven and
influence each other until a new research framework and a
new scientific language are formed. It can be seen that
compared with the existing cross-disciplinary research (such
as multidisciplinary and interdisciplinary research), the
goal-oriented “convergence science” is more prominent.

K

I

and other disciplines to form a comprehensive research
framework, so as to solve scientific and social challenges to
the interface of multiple fields [1].
Based on the exposition of “convergence” in existing literatures, “convergence science,” can be defined as a new
paradigm of scientific research with major problems as final
targets. This paradigm integrates the knowledge, skills and
tools of multiple disciplines to form a comprehensive problemsolving framework and a network with multiple stakeholders
to promote the transformation of scientific research results
into innovative products. Along the way towards a problemsolving framework, the coupling of multiple elements is the
basic connotation: “Convergence science” not only runs
through the whole spectrum of the innovation value chain but
relies on the intersection and extension of multiple disciplines. Multiple types of stakeholders such as governments,
industries, universities, research units and users are involved.
Through the coupling of various elements, new points of
knowledge growth and even an important field of integration
are further generated [6]. This paper expounds the characteristics of “convergence science,” which are different from
traditional research paradigms from the following three
aspects:
(1) With the resolution of major economic and social issues as the fundamental goal: “Convergence science” aims at
solving grand problems faced by human survival and development, rather than achieve scientific progress in the
general sense. This means that “convergence science” emphasizes more on the organization and order of scientific
research. Compared with the development of traditional
disciplines, it depends more on the optimal layout. From this
point of view, “convergence science” is similar to “missionoriented research” that aims at military missions (such as
nuclear bombs) or space missions (such as moon landings)
during the World War II and the Cold War. Compared with
the latter, the goal-oriented “convergence science” mainly
focuses on major economic and social issues that are closely
related to ordinary people’s daily lives. These issues have
become important goals on the scientific and technological
agenda of governments after the end of the Cold War.
(2) Covering a long chain from basic research to problemsolving: In traditional research paradigms, scientific research
activities often take knowledge discovery or technological
invention as the ultimate goal. However, “convergence science” does not stop at the discovery of new knowledge or the
research and development of new technologies, new processes and new equipment. Guided by the goal of addressing
major economic and social issues, it further extends back
along the innovation value chain and crosses the gap between
basic research and actual problem-solving. Finally, it forms a
real industrialized prototype or solution to provide a guarantee for the ultimate innovation in the market. In other
words, under the guidance of solving major problems,

2 New requirements of “convergence science
on basic data
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From the basic characteristics and typical cases of “convergence science,” its underlying basic data has been greatly
different from previous scientific research data. The integration of disciplines, innovation value chains, and all stakeholders on which “convergence science” relies requires basic
data to achieve open sharing among disciplines and processes. Then researchers can access data from the scientific
communities, governments, industrial circles, and non-profit
organizations to solve major problems and support the final
resolution of major problems. This echoes the concepts of
“open access,” “open data,” “data sharing” and “open science” in the big data era. In practice, international data organizations (such as the Committee on Data for Science and
①
Technology ) and open scientific data centers that are being
vigorously promoted by some countries and regions (such as
the European Cloud Project “Gaia-X”) have laid important
foundations for the data sharing of integrated scientific research among disciplines and processes.

2.1 “Convergence science” changes the management and use of scientific research data by disciplines in the past, realizing the sharing of data
among all disciplines
Since the New Public Management Movement, the

______________________________________
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management. At present, only a handful of experts and institutions are calling for the sharing of scientific research data
in the whole process, and in practice, only small-scale pilot
work has seen progress. For example, in 2014, American
scholar Bohle [8] published an article in the journal of Nature,
advocating that the US federal government should pay more
attention to and invest more in the sharing of experimental
logs. In 2018, since the European Union [9] published the
Open Science Policy Platform Recommendations, the reasonable storage and management of the process data of scientific research projects have been emphasized.

2.3 “Convergence science” emphasizes the sharing of all data contributing to solving major economic and social issues instead of only paying
attention to the sharing of scientific research data
such as papers and patents
On the one hand, the basic data of “convergence science”
has greatly expanded the form and scope of scientific research data. In addition to papers and patents under the traditional scientific research paradigm, scientific research data
in other forms (such as government data, source codes, conference resources, academic monographs, textbooks, news,
archive records and manuscripts, images, open educational
resources, and digital print resources) do not receive enough
attention. “Convergence science” attaches great importance
to the sharing of these scientific research data, which especially promote the association of scientific research data on
different spectra of the innovation value chain. In this regard,
the US National Institutes of Health (NIH) has established
and maintained multiple open-access genetic and clinical
databases (including all free and open data of the “1 000
Genomes Project”), which is a creative exploration. On the
other hand, “convergence science” also attaches importance
to the data sharing of governments and industries and a wide
range of economic, social and legal information resources,
providing schemes for the joint use of data related to major
economic and social issues.
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accountability for the public sector has promoted data disclosure (data sharing). The scientific research field is one of
the public fields that pays attention to and explore data
sharing early. As required by specific work of scientific research, scientists have spontaneously shared scientific research data in a limited scope (such as among laboratories
and research institutions). Since then, the requirements for
scientific research data sharing on a larger scale (such as at
the national level and worldwide) have promoted the rise of
“open access.” However, the existing open access of scientific research data is mainly based on disciplines or institutions. The opening of scientific research data is more
concentrated within a single discipline and a certain institution or publisher. The form of open data is mostly limited to
papers, and only a few organizations or individuals have
access to view or download. On the one hand, this situation
has caused problems such as static data and slow update. On
the other hand, it is not conducive to the exchange and dissemination of knowledge among scientific communities.
“Convergence science” requires that the scientific research
data of all disciplines be opened and shared on the same
platform. The platform intensely displays scholars and
achievements in all disciplines, breaking the barriers of mutual communication between disciplines. Besides, it allows
researchers in any discipline to search for scholars and research results in other disciplines based on research topics or
scientific issues of concern on the platform. Therefore, the
direct contact among scholars who are concerned about the
same major issue is established.
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2.2 “Convergence science” avoids ignoring process data in the traditional scientific research system, realizing the sharing of data throughout the
whole research process

In the traditional scientific research system, only a small
amount of resultative data is published on a paper. A large
amount of process and resultative data that have not been
written into the paper are still in the hands of individual researchers, resulting in the waste of scientific research resources. The whole-process scientific research data sharing
required by “convergence science” includes from asking
research questions, designing scientific research methods and
accumulating scientific research data to finally disclosing the
laboratory notes, research data, calculation models, papers,
etc. involved in the entire chain. It means that researchers can
truly realize the interaction and integration of the basic data
by collecting all the original information. However, regarding
technical means, since process data, such as experimental
logs, incomplete datasets, preliminary analysis results, draft
scientific papers, further research plans, peer review reports,
communication and exchange records with colleagues and
other textual materials, laboratory samples and other physical
resources, as well as unpublished result data, are in various
types and forms, there are great difficulties in storage and

3 Classic cases of data sharing supporting
“convergence science”

Since the 21st century, researchers of life science have
shouldered a major mission in the field of health such as
conquering major human diseases, and the crossover and
integration of life science, information science, and material
science are very common. All of these have promoted “convergence science to be first proposed by top scholars and
institutions in the field of life science. After that, the significance of “convergence science” in the fields of energy, environment, and food safety is also recognized. All the
following typical cases of “convergence science” in life science, energy, and agriculture prove that data sharing is the
prerequisite to “convergence science.”

© 2020 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.
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3.1

Precision medicine
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“Precision medicine” is regarded as one of the most exciting and representative examples of “convergence science.”
It uses finer and more accurate disease classification as the
basic requirement for diagnosis, treatment and clinical decisionmaking, achieving more precise diagnosis and treatment for
clinical disease subtypes at the molecular level [10,11]. To
achieve this goal, research groups, clinicians, healthcare
professionals, and policy and regulatory personnel need to
collaborate to establish an open network of data sharing to
connect the research data (such as genomes, transcriptomes,
proteome, metabolome, and phenomes) from biomedical
researchers, clinical data from clinicians and nurses, diet and
exercise data from healthcare professionals, and patients’
own social and physical environmental information. The data
should be continuously updated and opened to all relevant
personnel and the public. On this basis, biomedical researchers can deeply understand pathogenesis and determine
disease subtypes, and clinicians can further combine the
patient’s individual information to formulate precise treatment plans.
With lung cancer as an example, patients suffering from
non-small cell lung cancer could only choose chemotherapy
20 years ago, and their 5-year survival rate was less than
10%. This is because doctors at that time could only cytologically classify non-small cell lung cancer based on histopathology (classified into squamous cell carcinoma,
adenocarcinoma and large cell carcinoma), which was of
little significance to disease diagnosis and treatment options.
Nowadays, relying on cancer genomics, proteomics, metabolomics, signalomics, clinical marker research, sociophysical environment and other multi-source data, doctors
can divide patients into subgroups to achieve more accurate
diagnosis based on the same histopathologic changes, the
further cancer driving factors and the information of signaling
pathways. A personalized precise treatment plan can be developed combined with clinical practices, and, the 5-year
clinical remission rate of the patient can reach more than 60%
by accurately adjusting the treatment plan according to the
changes in clinical and molecular markers [12].

this problem by “convergence science,” which has made
significant progresses. For example, thanks to the funding of
ARPA-E, the renewable chemical company, OPX Biotechnologies, has produced a variety of industrial and energy-rich
long-chain fatty acid molecules with specific environmental
microorganisms. Besides, the researchers in the North Carolina State University have developed chemical methods to
convert fatty acids into liquid fuels. With the help of the
convergence of knowledge in different disciplines such as
microbiology, chemistry, synthetic biology, and genetic engineering, this technology effectively reduces the dependence
on resources in biomass energy research and increases the
production efficiency of biofuels by 10 times [13]. With the
further convergence of various data related to microbial metabolism mechanisms and opening up to people from different disciplines, new types of biofuels represented by
electrofuels will welcome new development opportunities.
Especially, it can help screen out those specific environmental microorganisms with high efficiency of energy conversion, so that the development and utilization of new
biofuels will present a diversified, intelligent and networked
development trend.

3.3 Disease prevention and disaster reduction in
agriculture

CN

Modern agriculture, through the integration of traditional
agronomy, ecology, soil science, sociology and other disciplines, has changed the traditional mode of agriculture, “relying on the weather,” especially in terms of disease
prevention and disaster reduction.
With the US as an example, severe weather will cause
losses to agricultural production and farmers’ income. In
response to this problem, the US company, Climate Corp,
uses the free data provided by the data website of US federal
②
government , such as 60-year crop harvest data, meteorological data from more than 1 million weather monitoring
stations and 14 TB soil quality data, to develop special data
software, providing farmers with various agricultural-related
services. For example, farmers can upload the coordinates
and related information of the farm through the software to
obtain real-time weather within the farm, such as temperature, humidity, wind, and rainfall. Combining the soil quality
data provided by the software, users can judge the sowing,
harvesting, and farming time for each plot. If the severe
weather is predicted by the system, users can choose corresponding agricultural insurances to reduce its impact on
agricultural production [14].
Israel’s modern agricultural technology also fully embodies the convergence that relies on data to solve practical
problems. For example, the Israeli company, Taranis, has
gathered data resources such as satellite images, crop field
growth reports, and local pest distribution to provide farmers

3.2

Electrofuels

Electrofuels depend on electricity or hydrogen, ammonia
and other chemicals (rather than solar energy) to obtain energy to grow and produce biofuels through microorganisms
(such as bacteria). Traditional biofuel technologies require
the direct or indirect use of photosynthesis, which requires a
large amount of land, water and fertilizer to obtain sufficient
raw materials of plants, and the production efficiency is relatively low. With the respect to this bottleneck, in recent
years, the US Advanced Research Projects Agency–Energy
(ARPA-E) has funded academia and industry to jointly solve
______________________________________

① http://www.data.gov.
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with a visual data platform to monitor plant pest risks and
climate changes in real time. AKOL company has established
a huge agricultural management database including the
working habits and methods of farmers in different regions.
Depending on the convergence of soil science, agronomy,
sociology and other professional knowledge, it helps farmers
formulate more sophisticated planting plans, such as elaborating the threshold and direction of spray irrigation equipment and the number of fertilizers and pesticides to maximize
①
their benefits .

4

Future prospects
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Since the 21st century, two important waves have emerged
in the global scientific and technological circles. On the one
hand, it is imperative to resolve major issues related to the
sustainable development of mankind in the future (such as
energy, resource, population, and environment) by technological revolution. Then endless calls for the reform of scientific research paradigms have been heard in the world. The
“convergence science” proposed by the US aims to advocate
a new scientific research paradigm to solve major economic
and social problems, bringing a new picture for scientific research organizations, data sets, and related policies. On the
other hand, the calls for sharing scientific research data are also
loud. “Open access,” “open data,” “data sharing” and “open
science” have jointly promoted the popularization of the
sharing of scientific research data in the scientific and technological community, and they have also promoted the construction and operation of data sharing platforms in practice.
This paper believes that these two waves must be connected to promote the resolution of major economic and
social problems. On the one hand, underlying interdisciplinary, trans-department, trans-field, and trans-link data must
be stored, opened, managed and shared in a reasonable
manner to truly realize the integration of disciplines, innovation value chains, and all stakeholders of “convergence
science.” On the other hand, the current initiatives and practices related to “open data” emphasize the data sharing, but
the thinking about the effect brought by data sharing on the
economy and society is still lacking. In fact, if the current
development of “convergence science” and “open data” is
combined, “open data” can support “convergence science,”
and “convergence science” can drive “open data” to better
solve major economic and social problems, providing an
immeasurable positive impetus to the sustainable development of mankind in the future.
It is not easy to realize the connection between “convergence science” and “open data.” From a technical point of
view, the data sharing of all disciplines and the whole process
required by “convergence science” is undoubtedly a

challenge to people’s existing technologies of data storage,
management and sharing. Fortunately, some current interdisciplinary data sharing platforms that conform to the FAIR
standard (findable, accessible, interoperable, and reusable)
are already in operation. The US Open Researcher and Contributor Identity Code (ORCID) platform have also provided
a unique and universal identifier for each researcher. At the
same time, the integration of multiple disciplines has also
given birth to a series of disruptive technologies, such as
DNA data storage and artificial intelligence. In the future, it is
expected that through the improvement of such new technologies, the physical facilities and service architecture for
data sharing required by “convergence science” can be realized. In addition, with major economic and social issues as
the targets, the field of vision of global scientific and technological community has also been expanded further, which
is conducive to the data connection with other public departments (such as government departments). These can all
serve as technical support for the future collection of basic
data conforming to the “convergence science” and the
transformation from a traditional scientific research paradigm
to problem-solving oriented “convergence science.”
In addition, the support from government departments,
research funding agencies, academic institutions, data platforms, and scientific researchers are also needed to achieve
the “open data” required by the “convergence science.” (1)
From the perspective of government departments, important
progresses have been in the current data disclosure, and some
countries have successively released policy documents to
promote government data disclosure. For example, China
issued the Action Plan for Promoting the Development of Big
Data in 2015, which required a unified open platform for
national government data by the end of 2018. In 2018, China
issued the National Scientific Data Management Measures
and successively supported 20 national scientific data centers. (5) With regard to research funding agencies, a number
of funding agencies have already put forward mandatory
policy requirements for project undertakers to disclose the
scientific research results and data, and such policies need to
be further promoted in the future. For example, since 2017,
the European Union’s “Horizon 2020” has demanded that
funded projects must make open access to research data (including statistics, experimental results, measurements, field
observations, survey results, interview recordings and images), so that other personnel can access, mine, copy and
disseminate scientific research data through the knowledge
base. (3) Regarding academic institutions, on the one hand, it
is necessary to change the evaluation and incentive system
for scientific research personnel, encouraging to share scientific research results and data. On the other hand, it is necessary to establish an institutional-level knowledge base in a
timely manner according to the characteristics of institutions,
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and scientific research personnel should be guided and
trained for the standardized storage and sharing of data. (4)
With the aspect to data platforms, the current open access to
academic journals has witnessed important progresses, and
some mainstream academic publishing institutions (such as
the American Chemical Society and the UK Nature Publishing
Group) have successively joined the ranks of open access.
①
②
Zenodo , Figshare and other scientific research data platforms (in different forms such as images, videos, software, and
codes) have also launched in succession. However, the association among these platforms (such as through the data identification similar to the US ORCID) to form an
interdisciplinary data platform has yet to be developed and
improved. (5) As regards scientific researchers, they should
not only adjust the value orientation to insist on the fundamental mission of solving major economic and social problems, but also receive training about data storage, management
and use for data sharing to change their traditional views, from
focusing only on the publication of papers to regarding data
as an important scientific research resource for sharing.
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