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Introduction

Innovation capacity is one of the fundamental
sources of nation’s wealth (Antonelli, 2006).
China has made great progress in all fields since
the reform and opening-up, especially the
accession to the World Trade Organization
(WTO). The economy has developed rapidly
and GDP per capita increased to more than
5,000 US dollars. The scientific and technologi-
cal innovation capacity is ranked 30th in the
world. Science, technology (briefly, S&T), and
innovation now play an increasingly important
role in economic and social development. Their
supporting and leading roles in sustainable
economic and social development are becoming
increasingly essential. China has set forward the
ambitious objective to be an innovative country
in 2020. China’s national innovation system still
has many deficiencies and problems to overcome,
however, before reaching that goal.
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China is the largest developing country in
terms of economy and also the largest country
with regard to S&T and innovation. China’s
future development will have an important
influence on the world. It is necessary to study
the characteristics of China’s national innovation
system, especially the successes, deficiencies, and
problems, and appropriate recommendations are
required for its future development. Following is
a review of China’s national innovation system
from participants and sub-systems in a Quintuple
Helix model theory, an analysis of problems and
challenges faced by China’s national innovation
system, and some recommendations for reaching
the 2020 goal.

Definition of the National Innovation
System

Friedrich List (1841) first introduced the concept
of a national system and analyzed how it
influenced one country’s economic development
and technological policies. Joseph Schumpeter
(1911) first put forward the concept of innovation
and defined it to be a procedure introducing a new
production function. Christopher Freeman devel-
oped the concept of a national innovation system
to explain Japan’s economic success (Lundvall
2010; Liu 2009). Many researchers have devel-
oped the concept of a national innovation system.
Lundvall (1992), a well-known researcher of the
national innovation system, defined it as the ele-
ments and relationships that interact in the produc-
tion, diffusion, and use of new and economically
useful knowledge and that are either located within
or rooted inside the borders of a nation state.
Nelson (1993) saw it as a set of institutions
whose interactions determine the innovative
performance of national firms. Patel and Pavitt
(1994) defined it as the national institutions, their
incentive structures, and their competencies,
which determine the rate and direction of
technological learning in a country. Freeman
(1995) regarded a national innovation system as
the network of institutions in the public and private
sectors whose activities and interactions initiate,
import, modify, and diffuse new technologies.
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Metcalfe (1995) defined it as a system of
interconnected institutions to create, store, and
transfer the knowledge, skills, and artifacts that
define new technologies.

The national innovation system is considered
a comprehensive analysis framework. Edquist
(2005) criticized the notion as diffuse and lacking
theoretical foundation, but Lundvall et al.
(2009) stressed its theoretical elements to evolu-
tionary economics. From the above concepts,
many researchers have studied the national
innovation system in terms of learning by
interacting (Lundvall 1992), technology learning
(Patel and Pavitt 1998), innovation policies
(Caracostas 2008), and policy instruments
(Metcalfe 2008). Although it is sometimes
vague in theory, many recognize that the national
innovation system has become an important and
useful tool for analysis of a country’s innovation
and development.

Based on models of knowledge production
and application and knowledge-based problem-
solving, Carayannis and Campbell (2006)
put forward the concept and framework of
knowledge production system “Mode 3,” which
is an innovation ecosystem. Mode 3 includes
people, culture, and technology and consists of
innovation networks and knowledge clusters
focusing on and leveraging higher-order learning
processes and dynamics that allow for both top-
down and bottom-up systems of governments,
universities, industry, civil society, and grass-
roots organizations to interact toward a more
intelligent, effective, and efficient synthesis.
Etzkowitz and Leydesdorff (2000) put forward
the Triple Helix model of the national innovation
system, which includes academia/universities,
industry, and state/government. Based on it,
Carayannis and Campbell (2009) developed a
Quadruple Helix model, the fourth helix of
which is media-based and culture-based public
and the civil society. Furthermore, Carayannis
and Campbell (2010) also developed the
Quintuple Helix model, bringing in the fifth
helix of the natural environments of society, and
pointed out that the Quintuple Helix model is
adequate for creating and supporting mid- and
long-term sustainable development of society.
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Some researchers have studied China’s
national innovation system (Liu and White
2001; OECD 2008). Xielin Liu and White
(2001) studied the structure and dynamic of
China’s national innovation system from R&D,
implementation, end-use, education and linkage.
Shulin Gu and Lundvall (2006) studied the cur-
rent characteristics of China’s production and
innovation system, especially how they have
been shaped by history and the major challenges
they face in the future. Rowen (2008) found that
China’s national innovation system originated
from an underdeveloped top-down, centralized,
and state-run system. Xielin Liu (2001)
highlighted the role of government in China’s
national innovation system transition, noting
that China’s innovation capability has not
increased quickly. Boeing and Sandner
(2011) pointed out that China’s national innova-
tion system placed the creation of innovation at
a lower value, with public research institutes
playing a minor role and universities playing
a central role; the universities’ strong collabora-
tions with the business sector resulted in high
volumes of patent applications. Kroll, Comle,
and Schuller (2010) noted that the outstanding
features of China’s innovation system were the
continuous importance of public research, the
weak position of domestic enterprises in the inno-
vation system, and little investment in research
for new products and processes. Chen and Guan
(2011) pointed out that the most important prob-
lem with China’s national innovation system was
the weak linkage among the actors. OECD (2008)
suggested that China should adopt more bottom-
up decision making and help the private sector to
play a more important role.

History and Development of China’s
National Innovation System

After the foundation of the new China, following
the development mode of the former Soviet
Union, China began to establish many kinds of
scientific research institutions, including the
Chinese academy of sciences, industrial insti-
tutes, and local institutes, and it issued the
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12-year national development plan for S&T.
The period from 1950 to 1977 was the formation
phase of the national innovation system. In 1978,
China adopted policies of reform and opening-up
and began to explode the development model of
the national innovation system. China set forward
a series of national plans of S&T, such as the
High-tech Research and Development Program
(863), the Torch Program, the Spark Program,
the Major Achievement Promote Program,
the National Natural Science Foundation, and
the Climbing Program. China also reformed the
funding system, developed technology markets,
promoted the commercialization of S&T achieve-
ments, and issued many innovation policies. In
1995, China began to deepen enterprise-centric
reform. The national technology system of inno-
vation developed quickly. China reformed the
enterprise system and the property rights system
and emphasized the innovation functions of enter-
prises. In 1996, China issued the Strategy of
Invigorating the Country through S&T and Edu-
cation. The Department of S&T began to formu-
late S&T programs jointly with the Department of
Economy. The National Engineering Centers,
including the National Engineering Research
Centers and National Engineering Technology
Research Centers, and the Productivity Promo-
tion Centers were established. The Technological
Innovation Project was begun to enhance the
innovation capacity of enterprises. During that
time, many policies were issued to accelerate the
commercialization of S&T achievements.

The year 1998 was the formal starting point
for China to construct the national innovation
system. In December 1997, the Chinese Acad-
emy of Sciences put forward a report which name
was “welcoming the era of knowledge economy
and constructing the national innovation system”
to the central government of China. On June 9,
1998, the central government approved the report
and required the Chinese Academy of Sciences to
implement the knowledge innovation project as
a pilot unit for construction of the national inno-
vation system. In 2006, China issued the National
Medium and Long Term Plan for Science and
Technology Development (2006-2020) and put
forward the guiding principles for S&T
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undertakings over the next 15 years, which were
“indigenous innovation (should be self-dominant
innovation), leapfrogging in priority fields,
enabling development, and leading the future,”
and the general objectives in 2020, which were to
“noticeably enhance self-dominant innovation
capability” and “join the ranks of innovative
countries.” In this period, China’s main tasks
are to construct a technological innovation sys-
tem such that enterprises could be the main player
and industries, universities, and institutes could
be linked tightly, to construct a knowledge inno-
vation system wherein scientific research and
higher education could be combined together, to
construct a national defense science and technol-
ogy innovation system where the military and
civilian sectors could combine their work, to con-
struct a regional innovation systems with respec-
tive characteristics and advantages, and to
construct an innovation intermediary service sys-
tem with features of socialization and network-
ing. After more than 10 years of development and
especially the entrance of the WTO, China’s
national innovation system developed quickly
and became primarily a system with characteris-
tics and five sub-systems, which are the knowl-
edge innovation system, technology innovation
system, regional innovation system, national
defense innovation system, and innovation inter-
mediate service systems.

Governmental Institutions and
Functions for Innovation

Carayannis and Campbell’s Quintuple Helix
model is a useful tool for analysis of China’s
national innovation system. The Quadruple
Helix model added the fourth helix to the Triple
Helix model, which is the media-based and cul-
ture-based public as well as civil society; the
Quintuple Helix model added the fifth helix,
which is the context of environment for society.

In the Quadruple Helix model, the fourth helix
is very important, but this helix is not in the same
dimension with the other three helices, and this
helix ignored another important element, the inno-
vation policy. The innovation policy has been
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become an essential tool for promoting develop-
ment of the national innovation system. In recent
years, many countries, such as the United States,
members of the EU, Japan, South Korea, China,
and England, have issued innovation strategies or
innovation policies in response to the financial
crisis and to revive their economy. This entry will
study China’s national innovation system, mainly
following Carayannis and Campbell’s Quadruple
Helix model and the Quintuple Helix model and
also considering the element of innovation policy.

The Governmental Organizations of China’s
National Innovation System

At present, China has adopted a unified and
separated administration regime of S&T and
innovation. Under the leadership of the Leader
Group of S&T and Education of the State
Council, the National Development and Reform
Commission is responsible for the macro plan
and management for all S&T and innovation
undertakings, especially planning and budgeting
for S&T programs and projects and implementa-
tion of high-tech industrialization projects, S&T
infrastructure projects, basic operation expenses
of research institutes, the knowledge innovation
project, and so on. The Ministry of Finance han-
dles budgeting for all S&T plans, programs, and
projects and the accounting of the implementa-
tion. The Ministry of S&T focused on execution
of S&T programs such as the Basic Research
Program (973), the High-tech Research and
Development Program (863), and the S&T
Support Program and Programs supporting
small and medium enterprises, agriculture, and
industrialization according the budgets. The
National Natural Science Foundation committee
supports science foundation projects via a new
mechanism, in particular, expert peer review. The
Ministry of Education is primarily in charge of
cultivation of human resources and also supports
cooperation between universities and business.
The Ministry of Industry and Information and
the Ministry of Agriculture are mainly in charge
of innovation and development of industry and
agriculture. The Ministry of Commerce is com-
mitted to establishing a sound, unified, open,
competitive, and orderly market system to
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promote fair foreign and domestic trade favoring
innovation. It also strives to improve the structure
and competitiveness of China’s export products
through a program of S&T that promotes trade
with the Ministry of S&T. The State Administra-
tion of Industry and Commerce regulates the
market and enforces anti-monopoly policies to
create an innovative environment. The State
Intellectual Property Office, the Trademark
Office of the State Administration of Industry
and Commerce, the Plant Variety Office of
Ministry of Agriculture and that of the State
Forestry Office provide examination services for
intellectual property rights such as patents, utility
models, industrial design, topographies of inte-
grated circuits, trademarks, and plant varieties to
protect and encourage innovation.

Development of China’s National Innovation
System

The knowledge innovation system of China has
made great progress in the twenty-first century.
The Chinese Academy of Sciences now is the
highest national academic institution for natural
science, the highest advisory body for science
and technology, and the R&D center for natural
sciences and high-tech. The Chinese Academy of
Engineering is the highest honor and advisory
academic institution in the engineering and tech-
nology field. In 2010, the Chinese Academy of
Sciences satisfactorily completed two pilot tasks.
A number of major innovative achievements
have been achieved in strategic high-tech, major
public-welfare innovation, and important basic
and cutting-edge research fields such as Godson
processors, the Shuguang high-performance
computer, manned spaceflight, coal-to-oil tech-
nology, and so on, effectively lifting the support
capability of China’s S&T and innovation to
economic and social development, and its
international competitiveness and influence. In
2011, the Chinese Academy of Sciences began
implementing the phase 3 knowledge innovation
engineering. The goal is to lead and drive China’s
national system of innovation into a new stage,
encouraging self-dominant innovation, original
scientific innovation, and systematic integration
of key technologies; upgrading the ability to
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solve key S&T problems for current and future
economic and social development; heightening
the ability to provide the knowledge and
technical base for implementing the “scientific
development concept”; and raising the ability to
safeguard national security and respond to the new
world revolution in military affairs. Universities
are gradually becoming an important player in the
implementation of the knowledge innovation
engineering project. In 1995, China began to con-
struct 100 key universities for the twenty-first
century through the “211 Project.” Currently, the
number of the key universities has reached 112,
and the amount of investment is near 2.8 billion
US dollars. In 1998, China began implementing
another project to promote Peking University,
Tsinghua University, and others to be world-
class and high-level universities, and the
number of the universities in the “985 Project”
has reached 39.

Enterprises have become the main player in
the technology innovation system. In 2007, R&D
personnel in enterprise accounted for 68.36 % of
the entire country’s R&D personnel. The R&D
fund expenditure from enterprise accounted for
72.28 % of the whole country’s R&D fund
expenditure. The proportion of the number of
enterprises that had science and technology agen-
cies to the total number increased to 58.87 %. The
total number of state-certified enterprise technol-
ogy centers increased to 575, and that of the
provincial-certified enterprise technology centers
increased to 4,886. The number of service inven-
tion patent applications from domestic enterprise
accounted for 69.28 % of the total service inven-
tion patent applications. The contract amount
from enterprises as the seller accounted for
86 % of the national contract amount of the tech-
nology market traded.

The regional innovation systems’ characteris-
tics and advantages have formed gradually. On
the basis of regional development plans of the
Yangtze River Delta and Pearl River Delta,
China has issued nearly 20 regional development
plans to dates, and each plan has emphasized the
innovation capacity construction and develop-
ment of the regional innovation system. China
has established 54 national high-tech industrial
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development zones and many local high-tech
industrial zones. Beginning in 2010, the
Zhongguancun (Beijing), Zhangjiang (Shanghai),
and East Lake (Wuhan) high-tech zones began to
transformed into national self-dominant innova-
tion demonstration zones. These three zones and
the Hefei, Wuhu, and Bengbu self-dominant
innovation comprehensive reform pilot areas
were permitted to adopt new policies, such as
permitting the service inventor to own
a percentage of stock outright and the net profit
dividend right of the company implementing the
service invention. On January 6, 2010, the
National Development and Reform Commission
approved 16 cities, Dalian, Qingdao, Xiamen,
Shenyang, Xi’an, Guangzhou, Chengdu, Nanjing,
Hangzhou, Jinan, Hefei, Zhengzhou, Changsha,
Suzhou, Wuxi, and Yantai, as National Innova-
tive Cities. And on January 10, 2010, the Ministry
of Science and Technology named Beijing
(Haidian District), Tianjin (Binhai New Area),
Tangshan, Baotou, Harbin, Shanghai (Yangpu
District), Nanjing, Ningbo, Jiaxing, Hefei, Xia-
men, Jinan, Luoyang, Wuhan, Changsha, Guang-
zhou, Chongqing (Shapingba District), Chengdu,
Xi’an, and Lanzhou as National Innovative Cities
(districts). Both ministries support the regional
innovation system by investment in innovation
facilities, R&D projects, industrial innovation,
and so on.

The civil-military integrated national defense
innovation system has made progress. Over
nearly 30 years of construction after the founda-
tion, China has established a relatively complete
national defense industry system. In 1978, with
the reform and opening-up, and later with the
national S&T system reform, China actively
introduced market mechanisms and promoted
the military and civilian cooperation. A large
number of national defense enterprises began to
produce civil products or were changed to
entirely civil enterprises. In 1992, China
implemented the strategy of “combining military
and civilian, and integrating the armed forces in
civilian” efforts and promoted the construction of
the national defense innovation system by
comprehensive civil-military integration; the
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scientific and technological strength of the
national defense system has thus been lifted
significantly. In 1998, the former National
Defense Science, Technology and Industry
Committee was incorporated into The Ministry
of Industry and Information and became the
National Defense industrial Development Bureau
of Science and Technology, which strongly sup-
ports the construction and development of
China’s national innovation system.

The innovation intermediary service system
also developed rapidly. Currently, there are
four main kinds of organizations in China’s
innovation intermediary service system. The
first includes productivity promoting centers,
engineering and technology research centers,
entrepreneurial service centers, including incuba-
tors and accelerators, and R&D and design
centers. They mainly provide services for pro-
duction. The second includes information
research centers, technology consulting compa-
nies, technology transfer centers, technological
training centers, and small and medium enter-
prises (SME) services centers. They provide ser-
vices for the whole society. The third is service
entities, including high-tech zones, science and
technology parks, pioneer parks, and economic
and technological development zones. The forth
provides market services, including technology
markets, talent markets, and so on. China has
made great efforts to improve the innovation
service environment in the last 30 years. All
54 national-level high-tech industrial zones have
their own incubators or accelerators. China has
established six national technology transfer cen-
ters, including those in the Chinese Academy of
Sciences, Tsinghua University, and Peking Uni-
versity. The university parks, such as those at
Tsinghua University and Peking University, are
called National University Science Parks and the
number of them reaches to more than 80. In 2010,
along with the development of property
exchanges of Guangzhou, Shanghai, and Beijing,
China established the China Technology
Exchange in Beijing and the Tianjin Intellectual
Property Right Trading Center. The number
of state patent exhibition and trade centers
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reached 42, the number of patent agencies was
more than 1,000, and the number of the practicing
patent attorneys was 7,200. The number of entre-
preneurial investment enterprises in 2007 reached
464, the investment volume in 2008 was 22.7
billion US dollars, and the cumulative number of
investment projects was 6,796; the cumulative
investment volume was 12 billion US dollars.

China’s Innovation Policies

In 2006, in order to put the National Medium and
Long Term Plan guideline for Science and Tech-
nology Development into practice, China issued
60 supplemental policies from 10 parts. The sup-
plemental policies were warmly welcomed by
enterprises and the whole society. The policies
of investment in science and technology mainly
include six aspects. The first is to substantially
increase investment volume in S&T, both of pub-
lic and private. The second is to ensure steady
growth of the public financial investment in S&T.
The annual growth rate of S&T investment vol-
ume shall not be less than that of the government
financial expenditure. The third is to earnestly
safeguard the smooth implementation of 16
Mega S&T Projects. The forth is to optimize the
structure of the financial S&T investment. The
fifth is to play a leading role in providing financial
funds to encourage enterprise’s self-dominant
innovation. The sixth is to optimize the S&T
investment management mechanism.

New tax laws and policies cancel the threshold
of annual 10 % growth rate of research and devel-
opment expenses and allow enterprises to deduct
their actual research and development expenses
and amortize the intangible assets in corporate
taxable income at 150 %. The actual research
and development expenses can be carried for-
ward and deducted in the following 5 years if
they are shortfall deductable. The employee edu-
cation and training funds extracted in less than
2.5 % of the total taxable wages can be deducted
before the corporate income taxation. Enterprises
are allowed to accelerate the depreciation of the
instruments and equipment used in R&D activi-
ties. High-tech enterprises’ corporate income tax-
ation rate was reduced to 15 % from 25 % since
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they had a profitable year within 2 years after
certification by the government.

Investment and financing policies regulate and
strengthen the financial support for self-dominant
innovation, to lead commercial financial support
for self-dominant innovation, to improve the
financial services for SMEs’ innovation, to accel-
erate the development of venture capital, to estab-
lish a multi-level capital market supportting for
self-dominant innovation, and to improve the
insurance services and foreign exchange manage-
ment policies for high-tech enterprises.

Government procurement policies require to
establish a self-dominant innovation product cer-
tification system and a certified standard and
evaluation system, to improve government pro-
curement assessment method, to give preferential
treatment to the products of self-dominant inno-
vation, to establish the first government purchase
and ordering system to encourage innovation, to
establish a certification system for domestic
goods and an audit system to purchase foreign
products, and to play the role in national defense
procurement to support self-dominant innova-
tion. China issued the concept and standard
of the self-dominant innovation product in
2010 that it shall has intellectual property right
(actually is patent) or using right licensed from
abroad in China, and has trademark right regis-
tered or using right licensed from abroad in China
according to law. But China abandoned the gov-
ernment policies on self-dominant innovation
product in 2011 under international pressure.

In addition, China issued other policies to
strengthen the import, digestion, absorption and
re-innovation, creation and protection of intellec-
tual property right (IPR), cultivating and utilizing
innovative talents, strengthening education and sci-
ence popularization, and promoting construction
of S&T innovation bases and infrastructures.

In order to implement the 60 supplemental
policies, the relevant departments of China’s
central government also formulated and issued
78 policy-implementing rules beginning in
2006. The relationship between the 78 rules and
the 60 supplemental policies are described in
Table 1.
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China’s National Innovation System, Table 1 Relationship between the 78 implementing rules and the 60

supplemental policies

Implementing Implementing
Supplementary policies rules 2006 2007 Supplementary policies rules 2006 2007
S&T Investment 6 6 0 Innovative Talent Team 13 6 7
Tax Deduction 8 2 6 Education and Science 7 5 2

Popularization

Investment and Finance 9 7 2 S&T Innovation Base 11 5 6
Support and Infrastructure
Government Procurement 6 5 Co-Ordination 2 0 2
Import, Digestion, and 3 2 1 Others 9 2
Absorption Re-Innovation
Intellectual Property Right 4 3 1 Total 78 38 37

Creation and Protection

Source: The center for innovation and development, Chinese Academy of Sciences

Deficiencies and Problems of China’s
National Innovation System

Currently, although China has made great pro-
gress in construction of a national innovation
system, there are still many deficiencies and
problems challenging future development, espe-
cially innovative country construction. The first
is that the allocation of government organizations
and government functions has not wholly met the
demand of the national innovation system. Sci-
entific research is out of touch with education,
and technology innovation is out of touch with
the economy. There are many government
departments responsible for innovation. Innova-
tion policies come from many departments and
many people consider them too complicated.
Innovation activity has mainly been dominated
by government; the science and technology com-
munity has limited impact on innovation activi-
ties. Some of the government functions of
innovation are overlapping, co-existing, or even
missing. For example, many departments have
nearly the same function of industrialization,
although they are called S&T achievement indus-
trialization, patent industrialization, high-tech
industrialization, and industrial stucture optimi-
zation and upgrading. The government of inno-
vation management lacks supervision from the
public, and the government’s innovation service
functions are inadequate.

The second is enterprises as the main player in
innovation in the national innovation system.
Although it can be said that enterprises have been
the main player in innovation basing on data such
as R&D investment and patent application number,
it can be also found that enterprises are not the real
main player from views of the decision-making
around innovation themselves, major part of gov-
ernment innovation resource allocation and high-
end innovative talents including those who has got
master or doctor degree. The existence of the lucra-
tive industries, low-cost, rent-seeking behavior,
and inadequate implementation of the innovation
policies, together with an innovation culture has
not been fully formed, infuluencing the enterprises
that are not dynamic enough to undertake innova-
tion. The investment policies, trade policies, and
intellectual property protection policies are not
coordinated enough with the innovation policies.
The intellectual property policies place more stress
on international rules and increasing application
numbers and less stress on quality and utilization.
To date, the appropriate mode and effective mea-
sures of commercialization of S&T achievements
have not been found.

The third is the allocation of innovation
resources. Investment in innovation infrastructure
such as large scientific or engineering facilities,
laboratories, engineering research databases, and
data and information databases is inadequate. Inno-
vation resources, whether S&T infrastructure,
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innovation bases, or R&D funds, are deployed
more to the eastern and coastal regions and major
cities and less to the medium-size cities and west
regions. The Chinese Academy of Sciences is the
largest in the world and its staff numbers is more
than nearly 60,000. The proportion for basic
research of R&D funding has been lower than
10 % of the total R&D expenditure for many
years. Because most R&D investment comes
from government, many institutes focus more on
industrial generic technologies or critical and key
technologies and less on new products and tech-
nologies needed by enterprises. In the meantime,
the government innovation resources are invested
more in research institutions and universities and
less in enterprises. The division of the national
innovation system into five sub-systems is not opti-
mal but is favorable for some departments and
institutions to acquire government innovation
resources. This method of division limits the ability
of enterprises to be the main player in the whole
national innovation system.

The fourth is the management of the S&T and
innovation funding. The most important problem
is lack of openness to the public and transpar-
ency. The expenditure of projects funds isn’t
enough open and fair. A majority of technology
projects are required to apply for funding by
sub-projects and compete against each other,
and it is difficult to form a cohesive force for
innovation. The decision-making, management,
and supervision of S&T and innovation fund
allocation are executed by only one department,
affecting the efficiency of the use of the fund.
A small number of administrative officials
have the final say on the allocation of for S&T
and innovation resources, and participation from
expert groups and the public is lack.

The fifth is implementation of the innovation
policies. To date, there have been no
implementing regulations and supporting poli-
cies for the Scientific and Technological Progress
Law and the Law on Promoting the Transforma-
tion of Scientific and Technological Achieve-
ment. Thus, there are not detailed regulations
for research institutions, technology transfer,
S&T fund management, and service and non-
service invention. The low technology transfer
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rate has been a serious unresolved problem for
a long time. The implementation of policies like
statutory growth of science and technology
funding, deduction of R&D expenses before cor-
porate tax at 150 %, and government procure-
ment for self-dominant innovation products still
have encountered many difficulties, but there are
less effective measures. There are not preferential
value-added tax policies or business tax policies
for self-dominant innovation and self-dominant
intellectual property right products. There are no
quick examination policies on intellectual prop-
erty rights, which are essential to innovation such
as small- and medium-sized and high-tech enter-
prises. The condition and treatment of enterprise
talents are poor in household registration, social
security, and other aspects. The implementation
of innovative talent introduction, cultivation, and
utilization planning and police need to be
improved.

The sixth is the construction of the innovation
culture. Notable progress has not been made in
construction of the innovation culture to date.
The bureaucratic, counterfeiting, and impetuous
cultures suffocate, harm, and restrict innovation
culture construction. The scientific community is
far from established, the development of scientific
ethics lags behind, and the protection of intellec-
tual property rights has a long way to go. Society
overall has only a weak awareness of innovation
culture. There are large gaps between the current
creative talent nurturing model, curriculum
design, teacher configuration, and education
conditions and the demand of innovative country.
Investment and financing, especially venture cap-
ital, are also less developed.

Conclusion and Future Directions

Following the Quadruple Helix model and Quin-
tuple Helix model and considering the elements
of innovation policy, this entry reviewed the
history of China’s national innovation system
and found that China was gradually being
transformed from a technology innovation sys-
tem to a national innovation system. The entry
also examined the roles and relationship among
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government, industry, and universities/institutes
and found that China’s national innovation
system was still a top-down system, especially
in the formulation of innovation policies that
were mainly promoted by the government.
Enterprises’ position as a main innovation player
was still low. China’s national innovation system
was changing from a plan-oriented system to
a market-oriented system. But because of depart-
mental interests, it is still not a system that market
functions completely. The sub-system method of
division is one way to obtain government inno-
vation resources. In construction of an innovative
country, in order to achieve the goal of a national
innovation system, China not only needs to opti-
mize the three helix relationships of all the
players but also to adopt some new innovation
policies.

The first is to optimize government organiza-
tions and the innovation functions. It is necessary
to establish separated and cooperating govern-
mental organizations for decision-making, imple-
mentation, and supervision for S&T and
innovation. The decision-making function can
be undertaken by a commission and the supervi-
sion function can be undertaken by an indepen-
dent third party or even the public. As in other
countries, comprehensive departments combin-
ing education with basic research, technology
with industry, and innovation and economy
need to be established. Similar government func-
tions should be integrated into one department.
The excessive market behavior of universities
and research institutes should be limited, and
gathering of innovation resources in enterprises
should be encouraged. Supporting development
of the scientific community to support innovation
through self-regulation is a good choice.

The second is to promote knowledge produc-
tion. To keep up with cutting-edge science
around the world and to meet major national
strategic demands, it is necessary to build up
a number of high-level national research bases,
research universities, and research institutes.
Also necessary are coordination in deployment
and accelerated construction of the laboratory
system and building up a number of large scien-
tific projects and research experimental bases.

China’s National Innovation System

A sound modern scientific research institute sys-
tem must be established. In the meantime, it is
necessary to accelerate construction of key disci-
plines and S&T and innovation infrastructures
focusing on original innovation in the field of
basic research and frontier technology research.

The third is to strengthen enterprises’ position
as a main player in innovation. This can be
achieved by supporting some leading enterprises
to establish cutting-edge technology institutes
and to promote them to undertake the forefront
industrial and key technology research with uni-
versities and research institutes as the leader. It is
a task for government to guide enterprise with
self-dominant intellectual property rights to
actively participate in the formulation of interna-
tional technical standards. The financial and tax
policies shall be improved in favor of SMEs’
innovation. Another important policy is to
promote technology development institutes
transformed on specific technology development
according to the needs of enterprises.

The fourth is to promote balanced develop-
ment of the regional innovation systems with
distinctive characteristics and advantages. It is
necessary to deploy the construction of regional
innovation systems, in which universities,
research institutes, and leading industries can be
combined together geographically. The national
or provincial S&T projects, the industrialization
projects, high-tech zones, the innovative cities,
and the national self-dominant innovation dem-
onstration zones can integrated to support emer-
gence of a number of regional innovation centers.
The policies shall encourage the eastern regions
and the regional central cities to develop high-
end industries and find an innovation-driven
development model. They shall lead more inno-
vation resources to flow to the central and western
regions through construction of innovation facil-
ities or infrastructures and development of indus-
tries with characteristics and advantages than
ever. The policies shall also support construction
of regional innovation resource sharing networks
and promote rational and efficient resource
allocation.

The fifth is to promote the development of the
military-civilian integrated national defense S&T
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innovation system. The policies shall focus on
following points: strengthening the integration
of military and civilian technology innovation
resources; establishing a sound S&T innovation
resource sharing and coordination mechanism
thus the military and civilians can mutually trans-
fer high technologies easily; encouraging mili-
tary research institutes to undertake civilian
tasks and open the defense R&D projects to civil-
ian research institutes and enterprises; and
expanding the military procurement range to
products made by civilian enterprises.

The sixth is to accelerate development of the
S&T and innovation intermediary service orga-
nizations. It is necessary to issue laws or polices
to regulate the development of S&T and innova-
tion intermediary services in S&T Progress Law
and the Law on Promoting the Transformation of
S&T Achievement. It is necessary to transfer
state-owned service originations to civilian
ones, to establish a vocational qualification and
certification system to avoid deceptive and
dishonest behaviors, and to decrease the
value-added or business tax rate for the innova-
tion intermediary servicers and to enhance
their service capabilities. It is necessary to sup-
port a number of universities and research
institutes to build technology transfer offices
and set up venture capital funds to promote tech-
nology transfer. A number of high-level innova-
tion intermediary services introduced talents
through all kinds of talent plans should be
encouraged.

The seventh is to make great efforts to culti-
vate the innovation culture. One important mea-
sure is to reduce the administrative intervention
on S&T and innovation, and most decisions shall
be made by scientific communities or enterprises
themselves. Another measure is to adopt law
enforcement accountability for local govern-
ments in IPR laws and to crack down on
counterfeiting activities. A third measure is to
construct innovation culture facilities, especially
propaganda facilities such as film, television,
websites, newspapers, and others. A fourth is to
add the innovation and intellectual property pro-
tection idea and method into the national educa-
tion system of primary and high school. A final
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measure is to lift the public’s scientific and cul-
tural quality through S&T popularization and
freely opening universities, research institutes,
the S&T museum, and the science bases to the
public.
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The symbiotic relationship between church and
entrepreneurship can be viewed from two
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Church and Entrepreneurship

fundamental perspectives. It is either men’s busi-
ness of religion or God’s business on the Earth.
The question is, “what is man or God buying?”
For example, men can purchase peace of mind
(from men) or obtain the peace of God and from
God (for free). This entry focuses on how God
and men in the church and through the church can
become coworkers with God following His prin-
ciples and guidance. If it is God’s business, we
need to find out how He runs His business and
whether it is a multinational (from every tribe and
race) or just a family business. Is God into cor-
porate social responsibility? And how? Is He
interested in sustainable business? Entrepreneurs
are always looking for gaps or unmet needs they
can satisfy with products or services. What is
God’s unmet need in the business world? Does
He have a vision or mission? How does He want
to work through the business of the Church and in
the Church to achieve His purposes? How does
He define value in business terms? To answer this
question from His perspective would be
immensely valuable to the Christian and non-
Christian reader.

The discussion will focus on (1) different con-
cepts regarding entrepreneurship and the Church
and on (2) how God reflects His nature through
the entrepreneurial talents of His people in and
through the Church.

Definitions of Church and
Entrepreneurship from a Biblical
Perspective

The Church

According to the Biblical perspective, the inven-
tor of the Church, Jesus Christ, gives a simple but
profound account about the nature of the Church
in the book of Matthew, Chapter 16:13:

He asked His disciples, Who do people say that the
Son of Man is? And they answered, Some say John
the Baptist; others Elijah; and others Jeremiah or
one of the prophets. He said to them, But who do
you say I am? Simon Peter replied, You are the
Christ, the Son of the living God. Then Jesus
answered him, Blessed are you, Simon Bar-Jonah,
For flesh and blood have not revealed this to you,
but My Father Who is in heaven. And I tell you,
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you are Peter, and on this rock I will build My
church, and the gates of Hades shall not
overpower it.

There are basically three main elements that
constitute the nature of the Church. These are
essential to understand the activity and mecha-
nisms of the Church:

(a) Jesus reveals His identity as the Christ
(anointed One) through the revelation by
Simon Peter. Simon Peter received this reve-
lation by the Father. Simon Peter is then also
revealed as Peter (his spiritual identity).

(b) This revelation of Jesus as the Christ is the
foundation (rock) of the Church. The Greek
word used here is Petra (huge rock) compared
to Petros (rock) that is the name given to Simon.

(c) Jesus is the builder and not men. It is
a spiritual entity and not a building. And
there will be a struggle between gates of
Hades and the Church but the latter will be
victorious.

We need to note that in this case, the declara-
tion of that revelation by Simon Peter on Jesus’
identity brings another revelation of Simon
Peter’s true identity in Him. This means that the
symbol of the rock used to describe Jesus many
times, the huge rock (Church), and small rock
(Peter) are all one. There is another simple prayer
that Jesus taught that receives its true meaning
from this passage. Jesus taught the disciples to
pray “Father, Your Name be glorified, Your
Kingdom come and Your Will be done on earth
as it is in heaven.” This translated in this context
means let the Name of Your Son Jesus Christ be
glorified through the work of the Church in the
establishment of Your Kingdom (the realization
of Your will, power, dominion, and influence on
the earth). In short, “let Jesus build His Church.”

This entry is all the more important because
both God and men have been at work in the
Church from two very different perspectives
and approaches, and the biggest issue that has
been at stake is the entrepreneurial nature of the
Church. From God’s perspective, He is the CEO
of a great business and we are His coworkers.
God wants to redeem all things and reconcile all
things to Him, and one of them is business and
entrepreneurship. It is of value to indicate that the
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first man, Adam, was given a job to take care of
a garden and orchard (gardener) and that Jesus
also worked as a carpenter and did not consider it
shameful. In fact, He called businessmen (fisher-
men) to enter into His business. From man’s
perspective, a church has to be a building. It is
mainly because a physical building is something
that man can build. And this building welcomes
many financial transactions: men give tithes
(10 % of their income) and offerings and also
volunteer their time and effort. In many cases,
men go to church to be encouraged, to listen to
a message that will give them some comfort, and
also attend Bible classes to know more about
God. So the church building can be a center of
exchange where men buy their peace of mind and
some knowledge and help people on occasions. It
has the potential to be the center of man’s effort
and man’s achievement through whatever finan-
cial contribution they make. It is like a spiritual
club where members can receive some self-help
lessons about how God is going to bless them
through their prayer, giving, and effort. From
man’s perspective, the activity of the church is
constrained to a building but for God’s perspec-
tive, it is His activity through His people wher-
ever they are.

Entrepreneurship

Four verses encapsulate the plan of God for

business:

Deuteronomy 8:18" “But you shall remember the
LORD your God: for it is he that gives you
power to get wealth, that he may establish his
covenant which he swore to your fathers, as it
is this day.”

Jeremiah 29:11 “For I know the plans I have for
you,” declares the LORD, “plans to prosper
you and not to harm you, plans to give you
hope and a future.”

1 Corinthians 10:39 “Whatever you do, do it for
the glory of God.”

Ephesians 2:10 “For we are God’s workmanship,
created in Christ Jesus to do good works,
which God prepared in advance for us to do.”
In these four verses, we can understand God’s

design. He made us with a purpose in mind. He

had a plan for us, works for us to do that would

Church and Entrepreneurship

glorify His Name. God has a redemptive purpose
for everyone’s activity on earth. And God also
provides the power or means to do it. If we look at
the promised land promised by God to the people
of Israel, we see “land of milk and honey.” This
can also be translated as prosperous business.
Considering the life of Abraham, Isaac, and
Jacob, we see in many ways the financial blessing
in business that follows the obedience to the word
of God. In the book of Genesis, we read how God
gave Abraham the wisdom and power to prosper
in a dry land. He also gave Isaac the wisdom to
sow in a time of famine, to Jacob the wisdom to
help the sheep reproduce in a way that was prof-
itable to him, and to Joseph the wisdom to gather
grain for a huge sale to the nations. In only one
book, we can see how God glorifies His name
through the business success He gives to those
who follow Him.

However, entrepreneurship in the Church has
also been understood in other different ways.

Businessmen are those who provide finances
for the church so that it can continue to run. They
pay the staff’s salaries so that people can be
employed to run the church. For many pastors,
business is just something else that people do or
“a necessary evil” depending on how they per-
ceive business and money.

The Implications of a Business World
Run by God

Regarding business and wealth, Jesus made it
very clear when He challenged His followers
with this question, “what would give a man for
his soul? The entire world?” This is essentially
the business proposition that Satan had given
Him in the dessert, “If you worship me I will
give you ALL these Kingdoms (the earth) and
their glory thereof.” Finally, Jesus got the best
deal by paying the price through His death and
when He proclaimed after His resurrection that
“ALL power and authority has been given to Me
in heaven and on earth.” If this is really true, then
the implications are that Jesus is interested in
everything that happens in a place (earth) that
belongs to Him. These implications for business
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and entrepreneurship can be summarized as

follows:

1. He wants to restore ALL things and redeem
ALL things according to His Father’s plans
including the motivation, purpose, and conse-
quences of entrepreneurship and business.

2. A business that glorifies God is not necessarily
a church or a Christian shop but a place where
God’s work and power is displayed through His
people as part of His redeeming plan. Business
activity speaks of Him more than the produc-
tion of Jesus’s stickers or Christian music.

3. A business that glorifies God is run by His
grace. This grace or divine favor is based on
the revelation of His business principles (excel-
lence, integrity, compassion, providing a prod-
uct or service that edifies according to biblical
principles...) and divine enablement for His
children to do the work within that framework.

4. A business that glorifies God is run by
Christian who can hear His voice and direction
for the business, who overcome obstacles by
complete faith and trust in His promises, and
who display a nature and character that reflects
Him who created, shaped, and redeemed them.

5. Christian entrepreneurship is conducted with
eternity in mind. Those who engage in it con-
sider how their actions bless or hinder people
around them and become a vehicle where the
presence of God resides promoting His mes-
sage of reconciliation.

6. Christian entrepreneurship and business is
only a vehicle for Him to do His will on
earth as it is in heaven, to establish His King-
dom and see His Name be glorified.

But how do we see the role of the Church in
entrepreneurship or the development of the local
economy?

Eldred (2005) gives a profile of kingdom busi-
ness along these lines that helps us understand the
type of influence that the Church can have in the
entrepreneurial world. He underlines how king-
dom business provides a model for sustainable
missions; brings technology, expertise, and capi-
tal; provides access to many locations; and builds
the local economy. These companies not only act
as funders of the local church but promote the
gospel through their words and deeds by getting
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involved in local charity and meeting the needs of
the poor.

Rundle and Steffen (2003) also give an
account of what makes Great Commission Com-
panies (GCC) (companies that do also the work of
the Church) in their research with the following
findings:

The most effective GCC are managed by pro-
fessionals including locals who have had experi-
enced in ministry, partner with local churches or
ministries, and have an integrated view of work,
business, and ministry.

Seebeck and Stoner (2009) go beyond strate-
gies in their analysis of mission companies work-
ing in different countries to state three key truths
for successful mission businesses. They are
interdependence as we realize how much we
depend from each other in a global economy as
there is no isolated country. The second is reci-
procity as each part gives and receives. Finally,
there is mutual respect and humility as we do not
impose cultural values from developed nations on
developing nations.

Conclusions and Future Directions

Entrepreneurship and business has been the battle
ground for the church for a long time. The inabil-
ity to hear God, to know His plans and purposes,
and to obey Him has led many people into a man-
made and man-centered religion that is void of
the presence, purpose, or sanction from God. It is
a safe place for man, a place that requires no faith
or sacrifice. However, God is building His
Church, and this spiritual entity is also interested
in doing business that glorifies God. In terms of
physical redefinition, the business office or fac-
tory is also “the Church” because that name
defines God’s activity on earth through Christians
(His children). We are about to see what God can
do through His Church, His Business on earth.
The interaction between the Church and entre-
preneurship not only needs more research but
also a different perspective that would consider
the basic assumptions of Christianity. We are in a
world that God wants get involved in and help run
through the beneficial influence of the Church.
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The Church as representative of a triune God
needs to reflect the characteristics of that God in
business through righteousness and generosity.
Therefore, future directions of research could
look into cities and nations that are being
transformed by the gospel. For instance, Hughey
and Adams (2010) report how small economies in
the Fiji Islands have been impacted by the Church
and God’s presence. These directions could also
take into consideration a broad definition of the
Church to include businessmen that are trained
and anointed to minister in the marketplace
through their business. That type of research
based on different assumptions will yield drasti-
cally different results.
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What Is Citizen Science?

Democraticization and Openness

In recent years, we have been witnessing increas-
ing evidence that the separation between roles
traditionally associated with knowledge produc-
tion, on the one hand, and roles associated with
utilizing and “consuming” knowledge, on the
other, have become blurry (see Gibbons et al.
1994; Nowotny et al. 2001). While this is true in
many fields of science (Goodchild 2007; Fischer
et al. 2012; Nielsen 2011), the health domain is
a particularly illustrative example. Patients have
started to organize their own medical studies and
trials (Wicks et al. 2011); questions that profes-
sional scientists have been struggling for years, or
even decades, are solved by people playing com-
puter games (e.g., Khatib et al. 2011), and patients
facing difficult treatment decisions put their med-
ical information online to invite experts from all
over the world to comment (e.g., Albanello 2011).
The notion of “crowdsourcing” has been applied
by many authors to discuss novel forms of collec-
tive knowledge production and collective
intelligence.

Although the production of knowledge in the
health domain, including the production of scien-
tific knowledge, has always been, to some extent,
a collaborative endeavor, the emergence of citi-
zen science as a new paradigm of collective
knowledge production has brought the pace and
impact of collective knowledge production and
innovation to a new level. As the author of this
entry has argued elsewhere (Prainsack 2012), the
shift we are witnessing goes beyond Ziman’s
(1996) notion of post-academic science, where
knowledge producers were still professional sci-
entists, although their science may serve other
than academic purposes primarily. It also goes
beyond von Hippel’s (2005) diagnosis that users
are key drivers of innovation. In contemporary
citizen science initiatives, we see nonprofes-
sionally trained people make substantial contri-
butions not only to how scientific findings are
applied to “the real world,” but they contribute
to knowledge production in basic research.

The emergence of citizen science has been
partly rendered possible, and definitely catalyzed,
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by Internet platforms and social media such as
Twitter, Facebook, Flickr, and more recently,
specific initiatives dedicated to the development
of citizen science projects (e.g., http://www.
citizensciencealliance.org/). The increasing
prominence of citizen science challenges and
reconfigures the ways in which knowledge pro-
duction in the health domain takes place, while at
the same time, raising ethical and regulatory
questions pertaining, for example, to how contri-
butions from citizens should be attributed in
scientific publications; what research ethics pro-
cedures should apply to studies that are self-
organized by patients; and how new modes of
citizen participation in medical and bioscientific
knowledge production and decision making can
or should be integrated into existing institutional
structures (e.g., into existing systems of
healthcare delivery). They also raise the question
of what can be done to minimize the risk that
citizen science initiatives are “hijacked” by
actors pursuing primarily commercial interests.
Moreover, professional researchers, scientists,
and educators are also discussing ways to ensure
that the quality and standardization of data are
collected, generated, and processed by nonpro-
fessionals (e.g., Cohn 2008; Wiggins et al. 2011;
see also the important work led by the Cornell
Lab of Ornithology, where the term citizen sci-
ence seems often seen to have originated: http://
www.birds.cornell.edu/citscitoolkit/toolkit/steps).
This links to the overarching question of why,
and under what circumstances, citizen science
works (i.e., it produces “better” results than con-
ventional science; either because the results are
produced faster, they are more socially robust, or
they solve previously unresolved questions).
There are different approaches to answering this
question, many of which draw upon the literature
on social networks (see also Shirky 2008). James
Surowiecki, in his book The Wisdom of Crowds
(2005), for example, suggested four criteria that
need to be met for a crowd to make intelligent
decisions: (1) independence of individual opin-
ions from peer or other influences, (2) decentrali-
zation of expertise in the crowd, (3) diversity of
opinion, and (4) aggregation (i.e., some mecha-
nisms of turning individual opinions into
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a collective decision). This, of course, leaves
open the question of how aggregation should
take place in order to maximize the intelligence
of the crowd. This is one of the questions that
Nielsen starts to unpack in his book on
Reinventing Discovery (2011). For him, for citi-
zen science to work, initiatives need to provide
instant feedback to participants; they need to be
modular, and there needs to be some level of
coordination. The question of how exactly coor-
dination takes place (e.g., “emerging” from bot-
tom-up or top-down), and how much
coordination is too little or too much, will hope-
fully be answered on the basis of empirical stud-
ies of citizen science projects in the coming years.

Citizen science initiatives involve the partici-
pation of nonprofessional scientists at any or
every stage of the trajectory of scientific knowl-
edge production: at the stage of data collection/
generation, data analysis, interpretation, applica-
tion, dissemination, and evaluation. The follow-
ing typological grid can help us in the assessment
of how coordination and agency is distributed in
a particular citizen science project, how “open” it
is, and what kind of entrepreneurial and innova-
tive potential it utilizes and/or fosters (see
Table 1).

Citizen Science and Open Science

Many practices subsumed under the label of cit-
izen science also fit the definition of open science
(e.g., Delfanti 2010). While these two concepts
clearly overlap, their focus is different. Open
science, as we will see below, focuses on trans-
parency and accessibility of data, results, and
often also research infrastructures. Citizen sci-
ence, in turn, emphasizes the participation of
not professionally trained individuals (i.e., at
least not in the activity they engage in) within
the production of scientific knowledge. In other
words, citizen science signifies the production of
authoritative knowledge by “amateurs.” The term
citizen science is rather inclusive with respect to
different format and designs of the participation
of nonprofessional experts. It is sometimes
applied to projects that are conceived, executed,
and utilized (also in terms of intellectual property
rights) by citizens in a bottom-up way, without
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Citizen Science in Health Domain, Table 1 Criteria
for the classification of citizen science projects (Source,
author)

Coordination: Who has influence in

1. Agenda setting

2. Determining the terms of the execution of the idea/
procedural aspects

3. Deciding what results are (and what “good” results are)
4. Deciding what will be done with results

5. Deciding on intellectual property questions
Participation: Who participates (demographic and social
parameters of those who participate)? Why and how do
they participate?

6. How much special training or expertise is required to
participate in this project?

Evaluation

7. How and by whom is it decided what good outcomes
are?

Openness

8. Do participants in the project have access to the core
datasets?

9. Can participants in the project edit the core datasets?

10. Is the contribution of participants adequately
acknowledged in published materials?

11. Are datasets made publicly accessible (open source/
open access)?

12. Are main findings made publicly accessible (open
source/open access)?

Entrepreneurship
13. How is the project funded?

14. What is the role of for-profit entities in this project?
Are these small, medium-sized, or large entities, and
where are they located?

15. How are for-profit and other interests aligned in this
project (and/or do they conflict, and where?)

any involvement of professional scientists;
although such projects are rare, they do happen
(the example of a group of patients organizing
their own study via the platform Patients Like Me
to explore whether lithium carbonate slows down
the progress of motor neuron disease, as
suggested by a clinical research study, comes
closest to this “pure” citizen model; see also
Wicks et al. 2011). Other citizen science projects
were either conceived, designed, coordinated, or
assessed by professional scientists (see, e.g., the
platform for the crowdsourcing of data analysis
Kaggle; www kaggle.com) Other projects assign
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clearly delineated tasks to citizens which do not
require any particular experience, training, or
familiarity with the subject; an example for this
latter type of project would be Pearl in China;
here, citizens use the infrared device on their
mobile phones to record and transfer to a central
platform data on human interaction patterns in
order to understand better how airborne diseases
spread. The project is based on the fact that the
range of the infrared device on people’s smart
phones is the same as the range in which airborne
diseases can be caught from an infected person
(for more details, see http://bioinfo.ict.ac.cn/
pearl/, and Swan et al. 2010). Here, citizens
have far less, if any in the designing of the project
and the interpretation of the results.

Projects like Pearl, where the role of citizens
is limited to data collection, have been criticized
as using citizens as “brain soldiers,” as part of a
cognitariat (Toffler 1983); they often volunteer
their time to carry out tasks that average human
brains happen to do better than computers,
namely, the filtering out of “noise.” This
“bottom-up score” of a citizen science project,
which can be assessed on the basis of the criteria
listed in Table 1, tells us something about the
emancipatory and democratic potential of
a citizen science project (e.g., Does the project
draw primarily on the creativity of people from
outside the academic discipline? Does it
empower people who would normally not engage
with this field of science and who would normally
have no, or very limited, access to datasets?). It
does not prejudice, however, how “good” or suc-
cessful a citizen project is: Some projects in
which citizens had very little influence on project
design, etc., led to amazing outcomes that had
a significant impact on the science in their fields
(Khatib et al. 2011). Thus, the overall assessment
of the success of a citizen science project will
always depend on what the main objective is: the
“democratization” of science, the education of
citizens (e.g., Bonney et al. 2009), or the solution
of a pressing scientific issue.

An additional dimension according to which
citizen science projects can be assessed is the
degree of their openness. Openness is, as the
term suggests, the main focus of the notion of
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open science. A website devoted to open science
(Gezelter 2009) defined open science projects as
those meeting four sets of criteria: first, transpar-
ency in methodology, observation, and data col-
lection; second, public availability and
reusability of scientific data; third, the public
accessibility and transparency of scientific
communication; and fourth, the availability of
Web-based tools to facilitate collaboration. In
short, the more publicly accessible every stage
of scientific knowledge production process is, the
higher the “openness score” (see Table 1) of
a project. Whether the project is carried out
exclusively by professional scientists, or whether
it includes nonprofessional participants, is not
a decisive factor in this regard. A project which
is carried out by one Nobel Laureate working
entirely alone at her lab or at her desk, yet who
makes all her data, her lab journals or research
notes, and the findings, publicly available, could
qualify as an open science project.

The idea of open science is also closely linked
to the much older open access (OA) movement in
academic publishing. The term OA typically
refers to a type of publishing where journals do
not charge readers or their institutions for access.
In an academic context, OA publishing usually
refers to OA journals that are also peer-reviewed
and include editorial quality control. In the last
decade, OA publishing has become increasingly
common in the scientific world. This is partly
a result of funding agencies requiring research
findings being made publicly available, although
they typically allow a period of exclusive use of
the data by the researchers who generated them.
To date, about 10 % of all peer-reviewed journals
wordwide are OA journals (http://www.doaj.org/),
and it is estimated that about 30 % of the global
research output is available OA (including green
OA, or self-archiving; namely, making materials
public available which have previously been
published in non-OA sources).

Citizen Science: A Mixed Blessing?

Commentators have been both enthusiastic and
concerned about the emergence of citizen
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science. Many authors (e.g., Angrist 2010;
Nielsen 2011) welcome citizen science especially
also in the health domain as a process of empow-
erment of patients and citizens. Some people,
however, are concerned that the replacing of
professionally trained experts, such as clinicians
and medical researchers, by “regular” citizens
who participate in the production of authoritative
knowledge may compromise the quality of both
the science and the clinical applications emerging
from them. Some authors have also been very
skeptical with regard to the political meaning of
citizen science. For example, it has been argued
that models of participation in citizen science
projects — especially those which are “run,” or
coordinated, by companies, governmental orga-
nisations, or other actors which are not primarily
acting in their capacity as nonprofessionals and
citizens in the first place — bear strong resem-
blances with many Web 2.0 enterprises. Google,
for example, famously combined the prioritiza-
tion of user experience with reliance on user-
generated information (Google’s algorithms
draw on how many times users access particular
websites) and now dominates the market (Auletta
2009). Also, the case of the online platform
Napster (www.napster.com) arguably shows
how user “participation,” and the reliance on
user-generated content, was utilized not only to
generate revenue but also to breach copyrights
and change an entire industry: Napster launched
in 1998 to allow users share music files with each
other in “real time,” and early users played cru-
cial roles as codesigner of the service and shapers
of its content. Early adopters thus assumed an
important role in challenging the previous domi-
nance of elites — the music industry — as gate-
keepers to information (music files; Robinson
and Halle 2002). A very similar argument could
be made about the ways in which online genetic
testing companies involve their consumers in
knowledge production facilitated by the com-
pany. By creating facts on the ground — namely,
by facilitating that thousands of people access
genetic information online and allow the com-
pany to use their data for the purpose of disease
research — the company is in a much stronger
bargaining position vis-a-vis regulators who
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wish for medical professionals to remain gate-
keepers to these activities.

According to this more skeptical view of citi-
zen science initiatives, citizens contributing to
science in citizen science projects where they
will not share the profits engage in value
cocreation for the powers to be (Arvidsson
2008; Bonsu and Darmody 2008), whether these
are for-profit companies, or traditional academic
and scientific institutions who receive the main
credit for the discoveries made by citizens.

However, it should not be automatically
assumed that all citizens in projects where the
influence of participants in project design is
very limited are being exploited. For many,
being part of something useful, being acknowl-
edged publicly in publications, and/or learning
about the scientific area in question is enough of
an incentive to participate. While there certainly
are initiatives that aim at making profits on the
basis of the unpaid labor of people, not every
instance of citizens participating in such projects
can be automatically read as an instance of “false
consciousness.”

Conclusion and Future Directions

There is an evident need for systematic empir-
ical and conceptual explorations of the circum-
stances under which citizen science projects
generate good outcomes in the sense that out-
comes are academically or scientifically more
accurate and better, and more socially robust,
than the results of traditional ways of scientific
knowledge production in health. Moreover,
researchers in the next decade will hopefully
also explore according to what parameters the
results of citizen science should be evaluated
and assessed. Overarching questions include,
for example, the following: Is the prominence
of citizen science a passing trend, or will it
reconfigure the ways in which innovation
takes place in a sustainable manner? Is innova-
tion produced by citizens faster, or “better,” in
any way? And can citizen science be seen as
a potential solution for educational needs out-
side, or both inside and outside, of traditional
academic institutions?

Citizen Science in Health Domain
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knowledge, (multidisciplinary) competences,
and (entrepreneurial, managerial, and human)
resources that are complex, cumulative, and, for
the most, still embryonic or difficult to access.
Considerable efforts must be also devoted for the
mobilization and training of the manpower, for
the acquisition of new knowledge and know-how,
and for informing employees about new technol-
ogies and services and their market potential.
Equally important here is the need for a close
coordination among a great number of heteroge-
neous and geographically dispersed actors.
The potential for innovation and the competitive
positioning of actors “depend increasingly on
their differentiated abilities to collaborate with
a wide range of partners — those with key com-
plementary competences and significant specific
resources, and/or those enjoying competitive
advantages in terms of localization” (Depret and
Hamdouch 2011, pp. 249-250). Hence there is
a need for intense, more collective coordination
between many heterogeneous and geographically
dispersed actors. These collaborations are
increasingly structured in the form of coalitions
and networks of a very varied nature, which tran-
scend geographical borders. This coordination
often goes through the formation of interest
coalitions, vertical and horizontal partnerships,
inter-organizational ~ networks  (as  well
as entrepreneurial/social/political/cultural
networks), clusters, etc. Only the geographical
concentration of activities (spatial proximity)
combined with the belonging to the same com-
munity (organizational proximity) and the adop-
tion of a shared “cognitive space” (cognitive
proximity, either scientific or technological)
allow entrepreneurs to amortize the high R&D,
production, and commercialization costs they
often have to engage in. It is also at this condition
that entrepreneurs could eventually overcome the
various entry and mobility barriers that can block
or slow the growth of their business. Finally,
these combined forms of proximity are the con-
ditional “gate” that allows entrepreneurs to pre-
empt and control the knowledge, competences,
and strategic resources that are needed in the
achievement of increasingly complex, uncertain,
and costly projects (Depret and Hamdouch 2009).

Clusters, Networks, and Entrepreneurship

These innovation clusters and networks and
the role that entrepreneurs play in their dynamics
have given rise to a wide range of theoretical
and empirical studies in a variety of disciplines
(economics, sociology, geography, manage-
ment). The core idea underlying these studies is
that it is the combination of agglomeration and
proximity logics that finds nowadays competi-
tive, innovative, and entrepreneurial dynamics
in most (if not all) industries. More precisely,
the available literature converge around the idea
that the geography of innovation and entrepre-
neurship is being fundamentally structured
(or embedded) within the clusters (broadly
speaking) and networks that encompass the
collaborative, learning and knowledge spillover
dynamics that are specific to certain territories
and to the innovation actors (notably the
entrepreneurs) they involve (Depret and
Hamdouch 2009).

The literature (especially the empirical one)
offers a highly diversified range of approaches in
terms of research aims and methodologies and of
countries or regions or industries studied. They
are also highly varied as regarding the hypotheses
tested and the results yielded. Hence, the aim here
is not to provide a comprehensive survey of these
studies. It is rather to draw a first (tentative)
typology of the most visible pieces in the litera-
ture according to the approaches privileged and
to their specific focus (for more detailed surveys,
see Hamdouch 2008, 2010; Depret and
Hamdouch 2009, 2011; Hamdouch and Depret
2009). In this perspective, the remainder of the
entry is organized as follows: The first section
defines the notions of clusters and innovation
networks (grasped here, in a broad sense, under
the generic term of territorial innovation and
entrepreneurial systems, or TIES); the second
section shows that there exists at least eight dif-
ferentiated views of TIES depending on the
hypotheses founding the approaches privileged
by the researchers, and therefore that there exists
also at least eight ways in defining the goals and
the contents of policies (whatever their spatial
scope) that are aimed at promoting or supporting
or accompanying entrepreneurial and innovation
dynamics in a given territory and/or sector.
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Key Concepts and Definition of Terms

The common point of these different studies is to
consider entrepreneurship as a territorial inno-
vation and entrepreneurial system (TIES) that is
characterized by Hamdouch and Moulaert
(2006): (1) the fundamental role of territorial
proximity and clustering dynamics; (2) the
multiplicity and diversity of the actors (large
companies, SME, entrepreneurs, business angels,
venture capital, and private equity firms, layers,
etc.); (3) the complex articulations between
the multiple institutional, spatial, temporal,
and cognitive frameworks; (4) the crucial impor-
tance of the historical, social, cultural, and
geographical dynamics in structuring these
frameworks; (5) the diversity of the forms taken
by this system.

In this context, the TIES (as a cluster) is
a spatial mode for the organization of entrepre-
neurship, innovation, and related activities
(Depret and Hamdouch 2011). It “comprises an
ensemble of various organizations and institu-
tions (a) that are defined by respective geographic
localizations occurring at varied spatial scales
and within specific institutional environments,
(b) that interact formally and/or informally
through inter-organizational and/or interpersonal
regular or more occasional relationships and
networks, (c) and that contribute collectively to
the achievement of all kind of innovations within
a given industry or domain of activity, i.e., within
a domain defined by specific fields of knowledge,
competences and technologies. This definition is
rather flexible, as it entails only that the three sets
of conditions are being simultaneously verified.
It could then correspond to a large variety of
spatial, institutional and organizational concrete
configurations of  innovative  dynamics.
Moreover, it does not prejudge of the spatial
topography of the interacting actors, nor does
it impose any constraint on the way they may
interact (i.e., cooperate or compete)” (Hamdouch
2010, p. 43).

At the same time, a network is a specific
modality for the structuring or coordination of
inter-organizational relationships among various
legally independent actors (firms, entrepreneurs,
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institutions, etc.) “aiming at achieving a common
project in a specific domain through the control,
exchange or sharing of information, know-how,
knowledge, as well as products and/or capital
(...). The actors participating to a network may
be co-located within the same cluster or belong to
different clusters” (Depret and Hamdouch 2011,
p- 232).

Unfortunately, the “understanding of the
mechanisms at work within the dynamics of the
emergence, structuring, coordination and devel-
opment of the phenomena of the clustering and
networking of [entrepreneurship and] innovation
processes remains incomplete, dispersed and
(let’s admit it) fairly flimsy” (Depret and
Hamdouch 2011, p. 231). Almost all the different
approaches of TIES relate to realities (semantic,
topographical, and contextual) which differ
depending on the authors, for different reasons
(Hamdouch and Depret 2009).

Clusters and Networks in the
Entrepreneurship (and Innovation)
Literature

In fact, it is believed here that the TIES literature
is mainly organized around three major structur-
ing dimensions, which partly overlap (Fig. 1).
These dimensions refer respectively to
the cultural and political territorial anchorage
(“geocentric” or “polycentric”) of TIES, to the
degree to which they are open to “the outside,”
and to the nature of the inter-dependences
(“competitive” or “reticular”’) between the actors.
The combination of these three dimensions
results in eight possible approaches of the notion
of TIES that can be related to two bundles of
works: The first group gathers the traditional
approaches which build on the triple hypothesis
of a strong territorial anchorage of the actors, of
a strict impermeability of the territory vis-a-vis
other territories, and of relationships among the
actors mainly based on transactions or contracts;
the second bundle relates to “evolutionary”
approaches which postulate a spatially
multiscalar, open, and networked view of the
territory.
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The Traditional Approaches of Clusters and
Networks

To analyze clusters and networks, it is then
necessary to open “the ‘black box’ of the TIES
approach” (Depret and Hamdouch 2009). In
order to progress toward a better understanding
of what “TIES” are or might actually be, it is
necessary to change the analytical framework,
and the manner in which TIES are traditionally
studied (Hamdouch and Depret 2009). Indeed,
within this framework the TIES appear to be at
the same time (see Fig. 1):

“Geocentered” (i.e., Localized or Regionalized)

In this case, most TIES are generally defined as
being very strongly (spatially) embedded in
a territory (a district, a city, a region, a country)
that is more or less extensive but which is still
relatively well (spatially) defined (clusters, dis-
tricts, parks, areas, milieux, cities, agglomera-
tions, regional or national innovation system,
etc.) (Hamdouch and Depret 2009).

In this perspective, the emphasis is placed, on
the one hand, on the decisive role played by
co-location, geographical proximity (preemptive
access to knowledge, skills, resources, and stra-
tegic technologies, localized collective learning
effects, access to new outlets, etc.) and spatial
clustering effects (technological externalities of
agglomeration), and on the other hand, on the
formative importance of territorialized (techno-
logical, institutional, and economic) dynamics
(Depret and Hamdouch 2011). This is why entre-
preneurs, in this theoretical framework, should
start and develop their businesses within the
TIES where R&D centers of excellence, large
companies, funding institutions, specialized busi-
ness services, and other entrepreneurs are
located.

“Centripetal” (i.e., Territorially Closed or Anchored
or “Autarkic”)

In this approach, the territorial bounding of the
TIES is relatively strict, insofar as the other spa-
tial scales have a relatively secondary or marginal
role in this (Gordon and McCann 2000), although
they are sometimes taken into account
(Hamdouch and Depret 2009).
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From this perspective, the authors focus on
only one territorial scale and therefore mainly
(even exclusively) on the only actors of innova-
tion that are to be found there. The TIES therefore
appear here to be “closed” systems (Bell and
Albu 1999), relatively closed to the outside
(even autarkic) (Hamdouch and Depret 2009).
However, this doesn’t seem to be detrimental to
the territory’s competitiveness, in view of the fact
that, from this “centripetal” perspective, knowl-
edge and resources are mainly distributed within
the territory (and in all cases are distributed better
than between the territories) (Jaffe et al. 1993).

The emphasis is therefore placed on the
presence, within the TIES, of “pulling” or central
actors socially embedded: star scientists, critical
interfaces, intermediate actors or gatekeepers,
entrepreneurial  investors, business leaders
(or anchors) or pioneer entrepreneurs, dense
social networks, etc. (Hamdouch and Depret
2009; Depret and Hamdouch 2011).

From this perspective, extra-territorial
relationships are an exception or a “second
best” (Audretsch and Stephan 1996) because
the extra-local level “comes as a supplement to
relationships and properties pertaining to the
local level” (Lagendijk 2002, p. 84).

And/or “Market-Dominated” (i.e., Exclusively
Targeting Economic Competitiveness)
In this case, competition and the externalities of
knowledge represent the two engines of compet-
itiveness of the TIES (Hamdouch and Depret
2009). They therefore contribute toward “orga-
nizing” relations between actors within the TIES,
by favoring the entrepreneurship and the distri-
bution of knowledge and by encouraging actors
to invest in R&D.

This approach thus presents the TIES as
a specific spatial industrial organization based
on two main dimensions: the links between actors
in terms of geographical proximity, of comple-
mentarities, and of trustworthy relationship
building, and the existence of both competitive
and cooperative interactions among the
co-localized entrepreneurs and firms (Hamdouch
and Depret 2009; Hamdouch 2010). In other
words, they “represent a kind of new
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organizational form in between arm’s length
markets on the one hand, and hierarchies, or
vertical integration, on the other” (Porter 1998,
p- 79). In this way, the inter-organizational and
inter-individual relationships formed within
TIES are generally seen from a contractual or
transactional ~ (market-oriented)  perspective
(Cooke 2005). Cooperation between the actors
is only considered in logic of “coopetition” (Gor-
don and McCann 2000). In this perspective, the
performance of the TIES will depend on the
“right balance” between the intensity of compe-
tition and the heterogeneity (of actors) within the
TIES (Bathelt and Taylor 2002). On the one hand,
the probability of survival for the entrepreneurs
will be weak if the competitive pressure is
too strong. On the other hand, a too strong
heterogeneity will translate into a greater number
of surviving entrepreneurs but that are likely to
be in average less creative/innovative and of
smaller size.

In this approach, the relationships formed
within TIES are generally seen from a purely
transactional, contractual, or market-oriented
perspective (Cooke 2005; Depret and Hamdouch
2011). Networks are often presented as fairly
informal (Grabher 2006), sometimes decontex-
tualized (Dicken and Malmberg 2001) — that is,
without any real (social, informational, or cogni-
tive) considerations — and sometimes even seen
from a static (Garretsen and Martin 2010) or a-
historical (Bathelt and Taylor 2002; Boschma
and Frenken 2006) viewpoint (Depret and
Hamdouch 2011). In this context, ‘“nonmarket
relationships”  (entrepreneurial, institutional,
cultural, jurisdictional, etc.) appear to be, in the
TIES, as mere pecuniary positive externalities
that can feed the economic growth and create
jobs within the territory.

The emphasis is therefore placed on the
(apparently necessary) “critical size” of TIES
(Porter 1998; Orsenigo 2001; Folta et al. 2006;
Trippl and Todtling 2007). The performance of
TIES is usually measured by the number of entre-
preneurs, firms, and institutions of innovation that
are present (or created) in the territory and by their
R&D expenditure, the number of patents (or sci-
entific articles), the number of employees, etc.
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(Audretsch and Stephan 1996; Suarez-Villa and
Walrod 1997; Orsenigo 2001; Prevezer 2001;
Trippl and Todling 2007; Zucker and Darby
2007; Aharonson et al. 2008). The TIS therefore
compete to attract (or to retain) the most compet-
itive actors in their territory (Hamdouch and
Depret 2009). Within this framework, the
increasing integration of innovation actors fosters
interaction and new connections; creates new
investment, entrepreneurial, and recruitment
opportunities; helps to develop supporting infra-
structures; and, in fine, creates a “climate” that is
a priori relatively favorable to entrepreneurship
and innovation (Baptista and Swann 1998).
Cumulatively, spatial integration also heightens
the attractiveness (Bathelt 2005) of the territory
and the performance of its members through
“increasing agglomeration and proximity
returns” (Depret and Hamdouch 2011) and
the mimetic effects of a self-fulfilling and
self-strengthening reputation (Appold 2005).

Other studies (Audretsch and Stephan 1996;
Dicken and Malmberg 2001; Kaiser and Prange
2004; Wolfe and Gertler 2004; Casper and
Murray 2005; Jong 2006; Trippl and Todling
2007; Waxell and Malmberg 2007) focus on the
central role played by the existence of a wide and
diverse (local) labor market because it fosters the
dissemination of knowledge and facilitates inter-
action (Hamdouch and Depret 2009; Depret and
Hamdouch 2011). Most of the contributions also
emphasize the major role of financial markets,
investors, and business angels (Kaiser and Prange
2004; Zucker and Darby 2007).

Finally, they highlight the importance of
a certain number of key actors, who, by their
sufficient presence within a TIES, will play
a critical role as coordinators, go-betweens, advi-
sors, scrutinizers, and proselytes (Prevezer 2001;
Wolfe and Gertler 2004; Hamdouch and
Moulaert 2006; Trippl and Todling 2007; Waxell
and Malmberg 2007; Champenois 2008). This is
why various “support stakeholders” (local insti-
tutions, business service organizations, technol-
ogy transfer institutions, business incubators,
think tanks, etc.), infrastructures (property, trans-
port, etc.), venture capital, consulting and law
firms have an important position in the TIES
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(Hamdouch and Depret 2009; Depret and
Hamdouch 2011).

The Evolutionary Approaches of Clusters and
Networks

When these three hypotheses (i.e., local anchor-
age, weak openness, and market-dominated
logics) are jointly (or, at least, by pairs) postu-
lated, like it is often the case, TIES appear to be
strongly anchored within the territory, with little
room for openness toward the “outside” and
based essentially on market-like relationships.
This is the rationale explaining why various
authors have attempted during the last few years
to go beyond this restrictive vision of TIES by
adopting an alternative approach (see Fig. 1) that
is at the same time:

More “Polycentric” (or Multi-Territorialized or
Scattered or Nested)

This approach places the emphasis more on the
logics of organizational or cognitive proximity
than on spatial proximity (Carrincazeaux et al.
2001; Boschma 2005). They consider that it is no
longer so much the co-localization of actors
which matters but more the nature and intensity
of their “connectivity” (Amin and Cohendet
2005; Depret and Hamdouch 2011).

From this polycentric perspective, the TIES
have an anchorage that is either transversal or
multi-territorialized (Hamdouch and Depret
2009). In the first case, TIES is part of
a (sectoral or technological) system, community,
world or mode of production, or value chain.
This “system” transcends geographical bound-
aries (Depret and Hamdouch 2011). In the second
case, TIES are very clearly seen as being multi-
anchored to several territories (more or less
distant geographically) (Coenen et al. 2004).
In some cases, TIES are multi-spatialized when
a network-firm serves as a node (Amin and Thrift
1992; Gertler and Levitte 2005) between differ-
ent spatial locations or scales (Hamdouch and
Depret 2009).

More Centrifugal (or Openness-Based)
From this perspective, agglomeration dynamics
are generally deployed under a constant tension
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between, on the one hand, the need to develop
strong, cohesive relationships between the local
innovative actors, and, on the other hand, the
need to preserve a certain “permeability” (Bathelt
and Taylor 2002) vis-d-vis outside actors (includ-
ing sometimes geographically distant actors) in
order to benefit from complementary cognitive or
financial inputs (Lagendijk 2002; Wolfe and
Gertler 2004; Depret and Hamdouch 20009).
The different spatial scales therefore fit together
(Depret and Hamdouch 2011), one inside the
other, while impacting on each other (Dicken
et al. 2001; Wolfe and Gertler 2004; Moodysson
et al. 2008). In this way, exchanges outside the
TIS are often more favorable to the transfer of
knowledge than exchanges within these TIES. In
fact, “local exchanges are often based on weak or
routine links that only rarely (Bathelt et al. 2004)
or insufficiently (Asheim 2002) foster learning,
knowledge transfer, and synergetic effects and,
therefore, major innovations” (Depret and
Hamdouch 2011, p. 246). Actually, relatively
distant actors at the geographical level can per-
fectly build and sustain over the long run “strong
ties,” interact (physically and/or virtually) on
a recurrent basis, and exchange among them
even tacit pieces of knowledge and competences
(Breschi and Lissoni 2001; Gertler 2003; Bathelt
et al. 2004; Bresnahan et al. 2004; Amin and
Cohendet 2005; Niosi and Zhegu 2005; Torre
2006; Gliickler 2007). Equally, several
researches show that, beyond a certain degree
(even intrinsically), spatial proximity does not
impact (or insufficiently) on knowledge creation
or dissemination and on innovativeness within
the territory (Grotz and Braun 1997; Suarez-
Villa and Walrod 1997; Wever and Stam 1999).
Lastly, several researchers point out the fact that
spatial proximity may well generate negative
agglomeration externalities that can be higher
than the expected positive externalities of
agglomeration and closeness (Nooteboom 2000;
Boschma 2005; Torre 2006).

As a matter of fact, most of the entrepreneurs
and other actors of innovation processes within
the TIES have often more (or stronger) ties with
external than with internal actors of the TIES
(Depret and Hamdouch 2009). This is
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particularly the case when local entrepreneurs
must look “elsewhere” for the knowledge, com-
petences, or resources they need but cannot find
“locally” (Hussler and Rondé 2005). In this way,
the probability of innovating is greater for firms
benefiting from a favorable “local milieu” but
also from close links with global networks of
knowledge, capital, and people (Gertler and
Levitte 2005; Depret and Hamdouch 2011).
The dynamism of TIES also “depends on the
capacity of their members to absorb knowledge
outside the territory and to subsequently dissem-
inate this within their own territory in order to
‘hybridize’ them with the knowledge or innova-
tions” (Depret and Hamdouch 2011, p. 250)
developed locally (Bathelt and Taylor 2002).
Consequently, the entrepreneurship and innova-
tion process can be seen as “a result of
a ‘combinaison’ of close and distant interactions”
(Oinas 1999, p. 365). Some authors (Lagendijk
2002; Powell et al. 2002; Nachum and Keeble
2003; Saxenian and Li 2003) even show that the
openness of the TIS “does not necessarily trans-
late into a reduction of the intensity and density of
local links” (Depret and Hamdouch 2011,
p- 247). In contrast, this openness may represent
a factor in making (inter-organizational) relation-
ships more viable and stronger (Powell et al.
2002; Owen-Smith and Powell 2004).
This appears to be the case including for entre-
preneurs and small-medium enterprises that can
tap in “external” sources of knowledge, compe-
tences, or funding they cannot find (or not any-
more) within their TIES. By a matter of fact,
these enterprises are usually more developed
(in terms of size), more mature (in terms of orga-
nizational and strategic experience), and posi-
tioned more downstream in R&D processes
(i.e., more “close to the market”) than the average
of innovating enterprises (Powell et al. 2002).
Some authors stress the risk, for local stake-
holders, of a progressive and often irreversible
cognitive lock-in within TIES (Granovetter 1985;
Uzzi 1997; Bathelt 2005), which is sometimes
fatal (Camagni 1995). Worse, certain TIES
“contain the seeds of their own destruction and
may potentially disappear or die (...) if they
[don’t] develop ways to access external markets,

Clusters, Networks, and Entrepreneurship

adjust power relations in a fluid way and repro-
duce [their] structures through ‘powerful’ institu-
tions” (Bathelt and Taylor 2002, p. 106, authors’
square brackets).

And More Reticular

From this perspective, TIES and networks are
inseparable from the logics of the spatial and
strategic organization of innovation (Dicken
et al. 2001; Cooke 2005; Grabher 2006).
Relationships among actors within (and some-
times between) the TIES are usually based on
formal and informal ties that refer to
a “coopetitive” or non-strictly market-oriented
logic (i.e., a mix of competition and cooperation)
rather than on formal (i.e., through legal contracts
or agreements) market-oriented rationales
(Moulaert and Mehmood 2010).

Within this alternative framework, networks
(and  particularly inter-individual  “social
networks,” in the original sense of local and
physical or concrete interplay among co-located
people or connections thanks to acquaintances or
“go in between” people or whatever “bridge” role
that some individuals, sometimes unforeseen, can
occasionally play) are the core explanation of the
co-location of innovation actors in some specific
places, starting with “entrepreneurs,” that is,
researchers, potential innovators, and business-
project’s oriented actors. Hence, the articulation
of networks within and across TIES appears to be
a central component or conditional building
block for a territorial (open) clustering dynamics.

This articulation of TIES and networks vary
however, depending on the authors (for a detailed
analysis, see, e.g., Hamdouch and Depret 2009;
Depret and Hamdouch 2011). A minima, TIES
can be considered as simple networks of actors,
more or less co-localized in one territory (and
sometimes in several territories). As a result,
many approaches in the literature mostly come
under the “market-oriented perspective”
(see above). Indeed, in such approaches,
networks are, roughly speaking, supposed to
yield positive effects on entrepreneurs’ perfor-
mance (Baum et al. 2000). Entrepreneurs’ rela-
tionships with large companies, research
institutions, or universities are supposed to
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attenuate the inherent uncertainties related to
their “youth in business.” Accordingly, their ini-
tial performance increases along with their more
or less size of “alliance networks” with “institu-
tionalized partners” (Baum et al. 2000) but also
with the “diversity” of such networks and part-
ners (Owen-Smith and Powell 2004). The “age”
of the network is also decisive. Indeed, Stuart
(2003) shows how entrepreneurs have a greater
probability to be funded further by a potential
investor if they have already formed alliances
(trustworthiness effect) with previous funders/
investors and if the time run since their first
alliance has been enough long to set a “good
reputation.” However, alliance networks are
also “risky games”: They can be a source of
vulnerability for “candidate entrepreneurs,”
given the risks of opportunistic behavior from
the “partners.” This being said, some researchers
rest on the conviction that “reputation effects”
(both related to entrepreneurs and potential
funders or “allies”) play, in most situations,
a greater role than short-sighted opportunistic
behavior (Owen-Smith and Powell 2004;
Hamdouch 2008).

Moving further, other researches tends to
show the importance of social networks and rela-
tionships, and of trust, reputation, altruism,
friendship, leniency, forbearance, kindliness,
integrity, social capital, habitus, culture, rules,
conventions, routines, rites, symbols, taboos,
beliefs, myths, or, more broadly, “extra-market”
relationships (Castilla et al. 2000; Moulaert and
Sekia 2003; Ter Wal and Boschma 2009).

For some, however, this approach seems to be
locked into an overterritorialized view about the
embeddedness of TIES (Coe et al. 2004). This is
why some advocate a more integrated (even
coevolutionary) vision of TIS and networks. In
this network governance approach (Grabher
2006), TIES are no longer (only) considered as
geographically “anchored” networks, within
which actors are grouped together more or less
on a co-localization basis (Depret and Hamdouch
2011). They appear more as combinations of
“multi-scaled networks,” in terms of both loca-
tion and the variety of actors’ modes of interac-
tion (Hamdouch 2010). From this viewpoint,
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TIES and networks are intimately connected
(Amin and Thrift 1992; Dicken et al. 2001;
Nachum and Keeble 2003; Coe et al. 2004;
Phlippen and van der Knaap 2007). TIES are
seen as being juxtaposed and coevolving with
each other (see Fig. 2). The different spatial
scales fit into this, one into the other, each having
an impact on the other (Wolfe and Gertler 2004).
Following this line of thought, one can say that,
“while networks are embedded within territories,
territories are, at the same time, embedded into
networks” (Dicken et al. 2001, p. 97), so that “the
global economy is constituted by ‘spaces of net-
works relations” (Dicken et al. 2001.) or, to put it
differently, it builds on “multi-scaled networks of
networks” (Hamdouch 2010).

The TIES, as a cluster, is also “a complex-
networked entity that is systemic, structured
(around stakeholders with highly varied organi-
zational or institutional profiles), polymorphic,
dynamic (that is, it evolves over time and in
space) and relatively open to the outside world
(that is, ‘centrifugal’) or even ‘multiscalar’
(or polycentric)” (Depret and Hamdouch 2011,
p- 230). In this way, TIES is a web of social
networks comprising a potentially large variety
of entrepreneurial and innovation stakeholders
who interact (or coevolve) within the framework
of occasional or regular relationships, both inter-
and intraorganizational, and who contribute to
the performance of activities in a particular area
(Depret and Hamdouch 2011, p. 232).

Finally, more often than advanced in the liter-
ature, the co-location of innovation actors within
TIES is neither motivated by market-oriented
purposes nor, intentionally, structured around
networks.

As highlighted by Markusen (1996) and Torre
(2006), it can sometimes be the result of diverse
other factors (e.g., attractive property prices, tax
breaks, the quality of the local employment mar-
ket, the “critical size” of the outlets offered by the
local market, the reputation of the TIES). It can
even, in certain cases, be the result either of
a “historical accident” or a “non-choice”
(Champenois 2008) of purely subjective individual
factors (Autant-Bernard et al. 2007), or even of
a “copycat effect” (Appold 2005; Gertler and
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Extra-local factors (both static and dynamic)
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dynamics (Source: Authors, inspired by Hamdouch and d

Levitte 2005) of ‘“chain location” (Caplin and
Leahy 1998). Certain works, some of which are
quite “old,” have equally shown that culture, well-
being, diversity, “social glue,” learning, social
movements and “bottom-up” socially creative ini-
tiatives, governance modes, social conventions,
ethical shared values or norms of behavior,
“solidarity”” among the actors, etc., can highly con-
tribute (as much as economic and scientific, tech-
nological, business or financial networking
processes) to the long-term territorial dynamics
and therefore to TIES development trajectories
and socioeconomic “achievements” (see Moulaert
and Mehmood 2010).

Building on this three-dimensional analysis
(see Fig. 1), it comes that at least eight “manners”
for conceiving TIES can be envisaged. It comes

rs (both static and dynamic)

A schematic representation of TIES time-space evolution
’Ovidio 2009)

also that there are as much varied ways to design
policies aiming at promoting/supporting the
development of entrepreneurship initiatives and
successful outcomes.

Clusters, Networks, and
Entrepreneurship Policies

During the last three decades, geographical bor-
ders have tended to become more permeable
(through the influence of external factors) and, as
a result, they subject national and regional spaces
to developments (entrepreneurial, scientific, tech-
nological, institutional, economic, strategic, and
organizational) that are in part influenced
by dynamics that are external to the territories,
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e.g., strategies of multinational firms, monetary
and economic developments at the global level,
regional integration policies and their effects, free
trade agreements, etc. (see Hamdouch and
Moulaert 2006; Depret and Hamdouch 2011).

At the same time, the growing spatial interde-
pendencies between actors of innovation — exac-
erbated on the one hand by interregional
integration processes, globalization of econo-
mies, internationalization, and “networking” of
firms, on the other by policies of devolution and
regionalization at the infra-national level — tend
to redefine the space and the modalities of expres-
sion of their respective rationalities and of their
modes of interaction and, as a result, to link
different spatial levels in the determination
and evolution of institutional frameworks
within which the processes of territorial entrepre-
neurship and innovation take place (cf. Hamdouch
and Moulaert 2006; Depret and Hamdouch 2011).

It is in this context that the idea has been
developed that it is within TIES (see above) that
added entrepreneurial opportunities, value,
growth, and, ultimately, jobs are created today.
In the same time, the comparative advantage of
TIES is not longer exclusively depends on the
simple mobilization of the resources with which
they have been provided by “nature,” history,
geography, institutions, or contingency. Compet-
itiveness in markets, which have become global,
requires the access to a wide range of (entrepre-
neurial, financial, and cognitive) resources and
technological skills. “Hence the emphasis placed
on greater proximity and closer coordination
between the various ‘holders’ of resources and
skills. In an environment characterized by
a redistribution of spatial and sectoral ‘cards’
between” the different innovation “players” and
entrepreneurs, the “comparative advantage lies in
the ability of rival yet complementary actors(. . .)
to manage increasingly close and structural”
including extra-market interdependencies within
an extremely wide range of clusters [TIES] and
networks (Depret and Hamdouch 2011, p. 228,
authors’ square brackets).

Indeed, the governments (at all levels of
territorial organization) are now multiplying
the (TIES’s) politics which aim to place
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entrepreneurship and innovation at the heart of
their  economic  development  strategies
(Hamdouch and Depret 2009). These policies
are differentiated across territories depending on
the way public authorities conceive the TIES that
exists or that they want to promote and develop
(see Fig. 1).

Conclusion and Future Directions

Entrepreneurship and innovation dynamics, as
related to specific territorial and institutional set-
tings and evolution paths, appear to multifaceted
phenomena. As illustrated by the literature
reviewed and the analytical typology presented,
it is rather clear that there are very contrasted
approaches to TIES, though the reality offers
concrete territorial dynamics that are probably
lying along a continuum of configurations rather
than matching “discrete” models of TIES.
Equally important is the intertwining of cluster-
ing and networking phenomena in the shaping,
deployment, and evolution of TIES. And it is this
dynamic articulation between the two phenom-
ena that constitutes a robust argument for con-
ceiving TIES as multiscalar and rather “open”
territorial settings that can best favor viable entre-
preneurship and innovation processes over the
long range. Finally, public policies appear to be
capable of influencing the shape and evolution of
the TIES they can influence, under the condition,
however, that these policies are dynamically
aligned with the strategies and networks
deployed by local innovation and entrepreneur-
ship actors, both inside and outside the TIES.

As regards future directions for research
efforts, two axes should be privileged. The
first one, mostly theoretical, is related to the
effort that is still to be engaged for a better
characterization of TIES and the configura-
tions they may underlie. The second axis is
essentially methodological and empirical. It
relates both to the selection of efficient criteria
and empirical methods (converging or comple-
mentary ones if possible) and to the realization
of in-depth case studies on a comparative
basis.
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Co-conception will be defined here in the context
of the recent evolution in entrepreneurial strate-
gies that value creation in compatibility with
sustainable development and that have also lead
to important changes in relations with clients
(B to B) and with customers (B to C). The place
of the client (and customer) in the economic
process has changed in the last 60 years,
depending on the economic model that has been
adopted in different countries. For instance, the
Fordism social-economic model from the period
of the Thirty Glorious Years imposed a simple
transactional relation (Moati and Corcos 2009),
with the client meeting the offer of the product
exclusively on the market. The “service econ-
omy” (Tertre 2006), which developed in the
1970s, relies on the co-conception of the solution
with the client in the earlier stages of the
economic process, during the conception and
the production either of a product, a service, or
a Product-Service System (PSS) (Stahel 1997) as
solutions to specific needs. This collaboration
relation with the client and the stakeholders,
rather than a simple transaction relation, assumes
organizational changes in terms of corporate man-
agement, contractual tools, and new forms of
competition. Statistics from the OECD countries
show the growth of the service economy
(OCDE 2007) based on ‘service relation”
(Gadrey 1996; du Tertre 2006), which brought
clients and other stakeholders into the creation
of the solution at the point of its conception,
especially in the case of entrepreneurial strategies,
and even made them a source of creation of new,
innovative small and medium enterprises (SMEs).
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Co-Conception and Entrepreneurial Strategies, Fig. 1 Time line of the evolution of firms’ strategies in the context
of the increased demand for compatibility with sustainable development (Source: Vaileanu Paun 2010)

The perception of value by the client during the
co-conception process resides in exclusive expe-
riences while using the products or experiencing
the service that was co-conceived together with
the entrepreneur rather than in a transactional
relationship. The role of the client will be
discussed in the context of the evolution
(Boutillier et al. 2010) of the role of the entrepre-
neur from the exclusive role of profit-maker to a
role of shared-value co-creator with client and
stakeholders.

Definition and Process Description

The Co-Conception as a Consequence of the
Evolution of the Economic Model: Context of
the Concept Development

The context of the emergence and development
of co-conception entrepreneurial strategies is

important, as the place of the client in the eco-
nomic process has changed in the last 60 years,
following the evolution (Figs. 1-4) of business
models in modern societies towards compatibil-
ity of economic growth with sustainable devel-
opment solutions. For instance, the Fordism
socio-economic model during the period of the
Glorious Thirty Years corresponds to a period
that saw social injustices and the destruction
of resources, with multinational corporations
pushed to achieve productivity gains via product
standardization and low production costs, in spite
of the social and environmental impacts. This
model imposes a “simple transactional relation,”
with the client meeting the offer of the product
exclusively on the market and ignoring the whole
product life cycle (maintenance, repair,
recycling). The “service economy,” developed
in the 1970s, relies, in exchange, on the
co-conception of the solution with the client in
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Evolution of the client relation following the evolution of
the economic model
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Co-Conception and Entrepreneurial Strategies, Fig. 3 Evolution of the client relation (Source: Vaileanu Paun

2009)

the earlier stages of the economic process, during
the conception and the production of a product,
a service, or a PSS (Mont 2002). Solutions of this
type improve the performance of the result by
adapting it to specific multiple needs of the client.

Actors of the Co-Conception

The actors in co-conception strategies are often
SMEs, which are capable of investing more
resources in adapting offers to their clients, as

their economic model is not yet ready for mass
production, which is the case with multinationals
that are nevertheless experienced with the
benefits of co-conception strategies, for instance,
in the case of software innovations such as
the “lead-user method” (Hippel 1988). The
co-conception strategy offers opportunities for
entrepreneurial developments, as the client’s
and stakeholders’ contributions represent
free resources and capabilities supporting
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ex ante the business development of a SME
lacking the financial resources to invest ex post
in marketing and promotion but also in compli-
ance with environmental and social constraints.
The input of clients and stakeholders, the con-
sumer work (Dujarier, 2008) at an earlier stage of
the economic process (Fig. 2) of a SME could
spare entrepreneurial investments and thus
contribute to sustainable development by
adapted use of resources and by integrating neg-
ative and positive externalities within a sustain-
able entrepreneurial business model (Vaileanu
Paun 2010).

Impacts and Implications of Co-Conception

The service economy approach brought the client
closer to the entrepreneur and encouraged the
creation of new SMEs based on this new, virtuous
circle of performance-related sales of solutions.
Thanks to the co-conception dynamic, entrepre-
neurs embraced a new position in society, not just
as a simple production point but as a “system”
(Vaileanu Paun 2009) of related stakeholders
with different interests influencing its strategy
towards the co-conception of offers capable of
providing a coherence between economic, social,
and environmental performance. The co-concep-
tion collaborative work induces an évolution in
the management strategies efficiency évaluation
from the dichotomic approaches, either BtoB
(Business to Business) or BtoC (Business to Con-
sumer), towards an extended evaluation approach

FINANCIAL VALUE
Financiarization of the evaluation criteria

FONCTIONNALITE
TERRITORIAL VALUE
(territorialization of the evaluation criteria)

Les années ‘90 2010

. 4 Evolution of the evaluation criteria of a firm’s value

of whole system actors of BtoBtoC (Business to
Business to Consumer) or even BtoBtoU (Busi-
ness to Business to User) (Vaileanu Paun 2009),
according to the functional economy concepts.
Statistics in the OECD countries show the
increase of the service economy (OCDE 2007)
based on “service relation” (Gadrey 1996; du
Tertre 2006), leading clients (Fig. 3) and other
stakeholders to contribute to the creation of the
solution in the phase of its conception, especially
in the case of entrepreneurial strategies, and even
to be the source of creation of new, innovative
SME:s.

This collaboration relation with the client and
the stakeholders rather than a simple transaction
relation assumes organizational changes in terms
of corporate management, contractual tools, and
new competition forms. The co-conception strat-
egy supposes the capacity and the decision to
evolve in collaboration relations during the
R&D process, which is more likely to be accepted
in SME and entrepreneurial business environ-
ments (due to financial constraints and lack of
capabilities) than in multinational corporations
that are reluctant to share their knowledge with
clients and stakeholders.  Co-conception
also implies a strategy of evaluating the contri-
bution of each of the actors involved in the
co-conception as well as the capacity to “reduce
or compensate the different asymmetries”
(Paun 2011) of the actors to favor co-innovation
by entrepreneurs.
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The impacts on the evaluation strategies are
potentially important, considering the new orga-
nizational structure of the economic process and
especially the new boundaries of action for the
actors involved in this collaborative relation.

The evolution of evaluation criteria (Fig. 4) of
a firm’s value from an evaluation of the material
value during Fordism was followed by the intro-
duction of evaluation of the financial value
during the period of contestation of the Fordism.
Today, there is a need to integrate the extra-
financial value (social and environmental
impacts) of the firm. The evaluation methodology
tends toward co-evaluation.

Co-evaluation has been perceived by different
researchers as a collaborative process involving
at least two evaluators in direct contact with the
subject of the evaluation, representing more than
just an evaluation by peers and possibly in the
context of the changes of the post-modern revo-
lution (top—bottom), legitimizing the multiple
perspectives.

Co-evaluation, part of the territorialization
tendency (Vaileanu Paun & Boutillier 2012) of
the evolution criteria involving the stakeholders,
is collaborative work and is a dimension of the
collaboration relation that allows the actors in the
value creation to find, through the co-conception
process, a new, virtuous circle by constantly
improving the solutions for better performance
in terms of better response to needs that are in
a dynamic evolution, heterogenic, and non-
sectorized.

Structural institutional changes are necessary
to encourage value creation based on co-concep-
tion. New, shared-value contracts and other
contractualization forms of loyalty between the
actors in the co-conception process should be
specifically guaranteed in today’s economic
model while also retaining financial evaluation
criteria. The issue of property rights to the results
of the co-conception process are still to be
addressed as the strategy proves its pertinence
and gains recognition. An increasing number of
SMEs are closer to the clients via adapted
co-conceived solutions, whereas their value
creation and sharing within society is still subor-
dinate to capitalistic evaluation (Rifkin 2000;
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Stiglitz et al. 2008), which takes into consider-
ation only the monetary value-driven evaluation
system of economic growth today.

Conclusion and Challenges Related to
Co-Conception

Entrepreneurial strategy, based on the service
economy approach, could provide through the
1 co-conception strategy new evaluation criteria
for value creation and sharing with clients and
stakeholders. This new approach is considered
pertinent in the context of the evolution of the
economic model toward greater socio-economic
performance of the firms as a complement to the
multinational business model stemming from
the Fordism model but potentially generating
spin-offs and an entrepreneurial hybridization of
market pull and technology push approaches
(Paun 2011) for value creation through
innovations.
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Synonyms

Cognition; Cognitive science; Divergent think-
ing; Information processing; Novelty; Originality

Key Concepts and Definition of Terms

Trying to understand creativity has produced
a vast literature spanning psychology, anthropol-
ogy, biology, archaeology, sociology, business,
literature, the arts, architecture, design, and sev-
eral other disciplines. Here is one definition from
a recent compendium on creativity: Creativity
may ... be ...thought of as the entire system by
which processes [conceptual combination, con-
ceptual expansion, metaphor, analogy, mental
model construction, etc.] operate on [psycholog-
ical, social, and cultural] structures to produce
outcomes that are novel but, nevertheless, rooted
in existing knowledge (Ward et al. 1997, p. 18).
This brief review of the information available
will concentrate on a psychological perspective,
but all vantage points add important dimensions
to the concept. Psychologists primarily study
topics from an individual’s point of view, but
recent work has begun to appreciate the larger
contexts in which creativity occurs and their role
in its manifestation (Boden 1994). Nevertheless,
irrespective of the definitional and evaluative
context chosen to explore creativity, it ultimately
depends on the mental experience of individual
minds — both for its manifestation and apprecia-
tion (Gardner 1993).

From the current evidence, it appears that cre-
ativity rarely if ever involves completely new or
original concepts or ideas. Instead, most creative
work efficiently integrates the existing informa-
tion into unusual syntheses or juxtapositions,
together with only incremental novelty. The
notion of an isolated genius with special powers
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who consistently stuns the world with great
insights, inventions, or ideas — as if by magic —
has likewise not enjoyed much empirical
support. The bulk of the evidence points instead
to the many influences that together produce the
ability to build on past accomplishments;
approach problems in novel ways; and entertain
multiple, ambiguous, and even conflicting alter-
natives. In this regard, Sir Isaac Newton once
remarked, “If I have seen farther than other men
[sic], it is because I have stood on the shoulders of
giants.”

Although creativity can be incremental in rela-
tion to its historical context or involve great leaps
of imagination, it seems most often to be incre-
mental. In fact, original ideas that jump too far
beyond currently available conceptual frame-
works are typically ignored or even vilified.
There is some controversy over whether popular-
ity alone can indicate evidence of creativity, or
whether expert knowledge and information must
also be considered. At least it appears safe to say
that for something to be truly creative, it must
have both a source and an audience. Analogous to
the oft noted mystery regarding sound without
anyone present to hear it, creativity must be
appreciated by someone to be considered crea-
tive. Otherwise, it might be merely original or
novel from its producer’s perspective.

However, novelty and originality figure prom-
inently in many investigations of creativity. In
fact, some studies have evaluated “degree” of
creativeness specifically in terms of statistical or
actuarial rarity. Something being new or original
certainly fits with most people’s conception of
creativity, but a little more thought reveals that
it is an inadequate definition. For example, just
because there are more yellow cars than purple
ones does not mean that purple is thus a more
creative color for cars. No doubt there are more
“stick” or stone/brick houses than trailers in
most countries, but few architects would
argue that modular homes are more creative due
to their scarcity. Nonetheless, novelty enjoys
a time-honored distinction within most acts of
creativity.

Cognition of Creativity

Theoretical Background and
Open-Ended Issues

In general, two different perspectives broadly
characterize the various methods used to investi-
gate creativity. Researchers distinguish between
“mundane” and “exceptional” creativity. The for-
mer is often studied under controlled laboratory
conditions, while the latter necessarily involves
studying individual examples of creativity within
their historical or contemporary contexts (e.g.,
Gardner 1993). Studies of “mundane” creativity
seek to understand the cognitive structures and
processes involved when anyone behaves in cre-
ative ways (e.g., Zabelina and Robinson 2010),
while studies of “exceptional” creativity try to
determine if any unique features or attributes
characterize outstanding, usually historical
examples of creativity. Thankfully, the results
from these two approaches yield many areas of
conceptual agreement.

First, analogy and metaphor appear to play an
important role in creative behavior. Analogies
and metaphors relate things that on the surface
do not appear to be similar, but understanding
their use typically requires comparisons at higher
levels of abstraction, thus allowing the similari-
ties to be appreciated. For example, the observa-
tion, “When Carl stepped to the lectern, he
confronted a sea of faces,” implies a comparison
between crowds of people and large bodies of
water. From the simple definitions of “crowd”
and “sea” no immediate similarities exist. How-
ever, the analogy creates similarity at the level of
“large, undifferentiated or unitary expanses” and
can then be easily understood. Both the use and
deciphering of analogy and metaphor may
depend on searching through associative net-
works underlying long-term semantic memory
(cf. Zabelina and Robinson 2010).

Studies have demonstrated that problem
solving in general can be improved by the use
of relevant analogies, similes, and metaphors. In
addition, much of the research evaluating
outstanding historical instances of creative
genius (e.g., Kepler, Galileo, Newton, Picasso,
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Leonardo da Vinci, Einstein, Michelangelo)
has found that the comparison processes under-
lying  metaphors and analogies figure
prominently in the accomplishments of these
luminaries (cf. Gardner 1993).

Second, the cognitive processes underlying
“mundane” and “exceptional” creativity appear
to differ more in terms of quantity than quality.
This is good news, because it means that every-
one can learn to be more creative. These under-
lying processes include (1) Conceptual
Combination; (2) Conceptual Expansion;
(3) Metaphor; and (4) Analogy and Mental
Modeling. There are obvious similarities among
these creative behaviors as already noted, but
exploring examples of each separately will aid
discussion (Ward et al. 1997).

Conceptual Combination

This involves the combining of concepts (usually
words) to form a completely new concept. For
example, Darwin’s term “natural selection” built
on the prevailing knowledge of artificial selection
as used by breeders to influence subsequent gen-
erations of animals or plants. His creative new
concept suggested that such an apparently inten-
tional process might also occur without design
interference, hence “natural selection.” Popular
culture often employs this approach as well, as in
“asphalt jungle,” “quiet riot,” “quantum leap,”
etc. An important implication from findings in
this area involves the salience of diversity in
experiences and abilities within and across indi-
viduals in providing the fertile conditions neces-
sary for the occurrence of useful combinations.

9 <«

Conceptual Expansion

Children’s growing understanding of the world
and language through development provides the
most obvious example of conceptual expansion.
However, anyone involved in learning something
new also participates in conceptual expansion.
Interestingly, research evidence suggests severe
limitations on most people’s ability to jump very
far beyond their current knowledge framework.
For example, when children were asked to draw
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or describe imaginary animals, their attempts
reflected many of the fundamental properties of
species known to them. Essentially the same
results have been reproduced in studies of adult
subjects as well. An interesting implication from
this research is that in order to be creative in an
influential way, new ideas must relate to existing
knowledge structures and familiar concepts, or
they may not be recognized or accepted as useful
(Zabelina and Robinson 2010).

Metaphor
The use of metaphor not only requires creativity
on the part of the originator; it also can increase
the creative experience of those comprehending
the metaphor. Metaphors can, thus, at the same
time be an example of creativity and also act as
catalysts to spur further creative language. Meta-
phors, like analogies, usually demand that
a comparison between the related entities be
made at a higher conceptual level of abstraction
for the implied similarity to be constructed. “You
must accept the thorns with the roses” suggests
a comparison between life’s experiences and
a rose bush. While easily understood by most
adults, young children can get distracted by the
surface definitions of the terms involved.
Interestingly, the myth that children tend natu-
rally to be more creative than adults and are sub-
sequently stifled by the rigid structure of the
educational system has not survived close scru-
tiny. Both children and adults tend to be influenced
by their current conceptual knowledge structures
and reach beyond these constraints only with dif-
ficulty. Again, the implication for business leaders
is that diverse, extensive prior experience among
one’s employees can foster creativity within the
organization. Much like the acquisition of exper-
tise, it would appear there is no substitute for
accumulating vast amounts of knowledge in fos-
tering creative breakthroughs (Winner 2000).

Analogy and Mental Modeling

Lord Ernest Rutherford’s comparison of a hydro-
gen atom to a planetary system (the nucleus as the
“Sun” surrounded by orbiting electrons) made
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use of analogy; many other examples of the cre-
ative use of analogy could be given. Investigators
of creativity have distinguished between “near”
and “far” analogies. An example of a “near” anal-
ogy might be comparing Romeo and Juliet with
West Side Story, while an example of a “far”
analogy could be Kepler’s comparisons between
light from the Sun and the vis motrix (motive
force; gravity was unknown at the time). Some
investigators have argued that “far” analogies —
those comparing categories that are highly
conceptually distinct — are more important in
creativity than “near” analogies, but recent evi-
dence suggests this view may be too simplistic.
Mental models could enhance creativity by
providing a rich context in which novel words,
terms, ideas, and concepts can be explored. More
elaborate cognitive frameworks in which novel
ideas or objects could be embedded allow many
more alternatives for their potential development
or enhancement to be explored and compared.
There is recent evidence that groups of people,
who share a mental model of their task, outperform
groups whose members do not. Again, a variety of
experiences and responsibilities seem to promote
more extensive, detailed mental models, resulting
in richer conceptual structures stored in memory.

Implications for Theory, Policy,
and Practice

Creativity usually comes from extensive, diverse
knowledge rather than from eccentric or inher-
ently gifted individuals with a bent toward
bizarre imagery. Increasing the diversity of
employees’ cultural and ethnic backgrounds,
their areas of expertise, and using interdisciplin-
ary, cross-functional teams should enhance crea-
tivity wherever needed. To fully leverage their
diversity and the opportunity for creative combi-
nations and synergies, such teams need a shared
vision, mission, and goals. Other important fac-
tors to promote group syntheses include training
the group as a unit and explicitly sharing infor-
mation about 