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Abstract: The increasing competition in global scientific and technological innovation and the
continuous promotion of the “Belt and Road initiatives” have created new opportunities for the
improvement in innovation capabilities in the core area of the Silk Road Economic Belt but have also
brought new challenges. This paper first starts from the market and government perspective and sorts
out the formation mechanism of an innovation network. Subsequently, based on the development
practice of the innovation network in the core area of the Silk Road Economic Belt, we applied the
grounded theory to reveal the development constraints of the innovation network in the core area and
explore the corresponding network governance mechanism. Subsequently, we applied a survey study
to test our conceptual model. We empirically found the innovation network structure governance
and innovation relation governance impacting mechanism in a market-led and government guidance
context. The study found that: first, the market-led environment and government guidance jointly
impact the formation of an innovation network. Second, the network structure governance and
network relation governance of the innovation network can address the development constraints
faced by the current innovation network to a certain extent, thereby improving the firm’s innovation
performance. Finally, it is found that both the market-led environment and government guidance
play a positive role in regulating the impact of network structure governance and network relation
governance on the firm’s innovation performance. The above conclusions expand the application
scenarios of innovation network governance theory in underdeveloped areas and, at the same time,
provide new theoretical knowledge increments for the formation mechanism of innovation networks
and also provide corresponding theoretical guidance for the improvement of the firm’s innovation

performance in the core area.

Keywords: Silk Road Economic Belt Core Zone; innovation network; development constraints;
network governance mechanism

1. Introduction

While economies worldwide continue to engage in science and technology innova-
tion, uncertainty in the science and technology innovation environment continues to rise
as global trade frictions intensify and the competition between science and technology
innovation becomes more complex. As a result, China’s innovation model has to shift from
“import-imitate-digest-reimport” to independent innovation. As critical dependencies
for enhancing science and innovation capabilities, regional innovation networks may be
driven by their objectives and adopt behaviours that do not match the overall goals.

For instance, the government-led innovation network system may be more concerned
with social welfare, while the enterprises focus on economic returns. Therefore, it poses
new requirements for the current innovation networks and their governance mechanisms.
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The concept of innovation networks originates from social network theory [1], con-
sisting of systematic institutional arrangements and cooperative relations. The innovation
network includes various science and innovation actors (enterprises, universities/research
institutes, government, financial institutions, and intermediaries, etc.) that continuously
learn and progress through social interaction. Simultaneously, they break through common
technological barriers and thus enhance their independent innovation capabilities [2,3]. The
interactive complementary characteristics of resources, structures, and functions among
innovation agents give them great potential to combine and collaborate. Therefore, inno-
vation networks effectively enhance innovation performance as a vehicle for cooperation
among heterogeneous governmental, economic, and scientific organisations.

However, the innovation network composed of enterprises, universities/research
institutes, governments, financial institutions, and intermediaries will inevitably hinder the
improvement of innovation ability in the development process due to the inconsistency
of goals between organisations and the relative fixity of their structure. As a relationship
arrangement between various innovative entities with the inter-organisational institutional
arrangement as the core, the governance of the innovation network plays an essential
role in coordinating the relations between various innovative subjects and establishing
inter-organisational ties.

As the Belt and Road Initiative continues to advance regional integration [4,5], linking
China with Central Asia, Europe, the Middle East, and Africa [6,7], the core area of the
Silk Road Economic Belt (specifically “Xinjiang, China”, hereinafter referred to as the “core
area”) serves as the hub of scientific and technological exchanges and cooperation between
China and Central Asian countries, and its independent innovation system in China, the
core area of the Silk Road Economic Belt (specifically referred to as “Xinjiang, China”,
hereinafter referred to as the “core area”), serves as the hub of scientific and technological
exchanges and cooperation between China and Central Asian countries. The core area
plays a significant role in China’s independent innovation system.

China’s independent innovation system is an innovation network system composed
of public and private institutions. The innovation system is an institutional framework
and social network composed of integrated innovation elements. It is also an institutional
arrangement to improve the ability of independent innovation. China’s independent
innovation system is a kind of innovation network. The core area has formed three clusters
of industrial alliances, built seven offshore incubators, and landed twenty-two major
innovation and entrepreneurship projects since 2018 in response to the national innovation-
driven development strategy and the opportunity of the national construction of “Belt and
Road Initiatives” (the data come from https://baijiahao.baidu.com/s?id=162695113395
5254302&wir=spideré&for=pc (accessed on 15 February 2022)). The core area has become
an essential spatial carrier for science and technology innovation in the western region
and a convergence point for economic corridors. As a hub for science and technology
exchanges and cooperation between China and Central Asian countries, its construction
is essential in building a new pattern of international opening and collaboration with
the West. Thus, as a critical innovation space carrier in the western region, the core area
bears the crucial responsibility of demonstrating, leading, and driving regional science
and innovation capabilities and reducing the gap in innovation capabilities between the
developed regions on the mainland. However, the number of firm patents per 10,000 people
in the western region has consistently ranked lower than other regions from 2014 to 2020,
as shown in Figure 1.

The continuous low science and innovation capacity of the core area result from
the following:

In practice, patents are closer to the commercial application of innovation and provide
more comprehensive information on inventions and innovation in each region [8], so
this paper applies the number of inventions granted per 10,000 people to demonstrate
regional science and innovation performance. What reasons limit the development of the
innovation network in the core area? What kind of network governance mechanism can
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break the shackles of the moment? There are limited research papers covering the topic of
the innovation network in the core area. This paper will apply the grounded theory method
to investigate the development constraints faced by the innovation network in the core
area, explore the governance mechanism to break through the corresponding constraints,
and empirically test the network governance mechanism. Subsequently, we constructed a
network governance mechanism to break through the limitations and improve the firm'’s
innovation performance.

The grounded theory found that innovation development constraints and government
management bottlenecks are the main challenges faced by the development of innovation
networks in the core area. In contrast, network structure governance and network relation
governance are essential ways to break through the current constraints and improve
the firm’s innovation performance. According to the empirical results, we found that
network structure governance and network relation governance significantly positively
impact the firm’s innovation performance. Meanwhile, the market-led environment and
government guidance both positively regulate the governance of the network structure and
the collaborative governance of network relations and the firm’s innovation performance.
This study provides a powerful practical path for improving the innovation performance
of enterprises in the core area. Moreover, it provides suggestions for China to achieve the
innovation-driven development strategy of joining the ranks of innovative countries.
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Figure 1. Comparison of regional science and innovation capacity data. Data source: China statistic
Yearbook 2014-2021. http:/ /www.stats.gov.cn/tjsj/ndsj/2014-2021/indexch.htm (accessed on 17
February 2022).

2. Literature Review and Research Pathways

An innovation network is an open, dynamic, and complex network system formed by
high-tech enterprises, universities/research institutes, relevant government departments,
and financial and intermediary service institutions in a specific region [9]. The key to
network governance is to accurately sort out the formation mechanism of the innovation
network and identify the science and innovation actors and their positioning to reveal the
development constraints faced by the innovation network in the core area, as well as to
explore the multi-subject governance mechanism suitable for the innovation network in
the core area to improve the network governance level and break the current development
constraints. Therefore, this paper will review three aspects: the formation mechanism of
innovation networks, the subjects of innovation networks and their positioning, and the
network governance mechanism.

2.1. Analysis of the Mechanism of the Formation of the Innovation Network

It should be noted that market-led and government policies jointly affect the formation
of an innovation network.
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2.1.1. The Market-Led Factors Include Resources, Returns, Risks, and Competition

Resource elements in the network are the key to determining innovation performance,
and the innovation network is the primary channel to obtain external resources and knowl-
edge. Specifically, innovation resources, such as science and innovation talents, science and
innovation funds, science and innovation venues, science and innovation facilities, and
information, are the basis for the collaborative creation of multiple subjects, and, the richer
the resource base, the more conducive to enhancing innovation performance [10]. How-
ever, with the deepening division of labour in society, most innovation organisations only
possess some of the critical resources to carry out innovation activities, making it difficult
for a single organisation to carry out science and innovation activities today. At this stage,
the large and diversified market-led environment for innovation has forced all science and
innovation players to actively seek external organisations with heterogeneous innovation
resources (e.g., heterogeneous knowledge, heterogeneous capabilities, etc.) for innovation
cooperation [3]. Second, in terms of sharing innovation risks, in addition to the complexity,
dynamism, and uncertainty of innovation activities [11], science and innovation actors
also need to face the risk of low innovation efficiency [12]. The construction of innovation
networks enables science and innovation actors to be linked together through various
contractual mechanisms. Thus, achieving the construction of an innovation network can
help all science and innovation players connect through different contractual means.

Therefore, this achieves risk-sharing and benefit-sharing, thus reducing the risks as-
sociated with science and innovation activities. The network centrality, structure holes,
and density enable science and innovation actors to occupy core positions to obtain more
diversified information [13]. The non-core positioned science and innovation actors can ac-
quire heterogeneous knowledge through weak network relations to enhance organisational
learning ability and innovation capacity [14].

2.1.2. Government Policy Guidance Factors

First, the government introduces policies to optimise the regional science and in-
novation environment and promote the formation of innovation networks. Specifically:
complete infrastructure development helps to improve the cooperation between science
and innovation actors and ensures the efficient operation of science and innovation activi-
ties by enriching the resource base required for science and innovation [15]; the business
environment has a particular impact on the ability of enterprises to imitate and learn in sales
and competition [16], which, in turn, promotes the policy environment and provides policy
guarantees for cooperation among multiple subjects, guiding orderly collaboration between
various science and innovation actors to form a mutual coexistence and symbiosis [17];
the business environment can attract more high-quality talent and science and innovation
organisations, thus enriching the science and innovation resources in the region and thus
promoting the formation of innovation networks. Secondly, the government has introduced
policies and measures on the open sharing and guidance of science and technology devices,
facilitating the formation of innovation networks. For instance: the State Council, the
Ministry of Education, and the Ministry of Science and Technology have all issued policies
and guidelines on the open sharing of large-scale scientific devices, requiring localities to
establish specialised science and technology service organisations represented by science
and innovation service platforms to provide strong support for the market transformation
of various scientific and technological achievements.

2.2. The Governance Mechanism of Innovation Networks

The concept of governance originates from many control and coordination arrange-
ments made by micro-enterprises to improve the efficiency of organisational operations.
Therefore, it is generally considered that corporate governance is the first field to apply
governance theory to management practice. The networked form of the innovation en-
vironment faced by companies today is becoming increasingly complex, and the factors
affecting innovation are becoming more complex and diverse. In the face of complex and
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various networked organisational models, corporate governance theory remains the basis
for the continuous improvement of network governance systems.

The innovation network governance is crucial in coordinating and improving the
allocation of resources for science and innovation. The object of innovation network gov-
ernance is an innovation network organisation, which is an essential part of innovation
network research. The innovation network governance has the following classifications: ex-
ternal governance and internal governance [18], network relation governance and network
structure governance [19], classified governance and collaborative governance [20].

It is a relation arrangement among the participants, with institutional arrangements
among science and innovation actors as the core [21], with the goal of collaborative cooper-
ation and optimisation of resource elements, enhancing the organisation’s adaptability to
the external environment [19], unifying the action goals of each member so as to achieve
collaborative and adaptive innovation, and thus consolidate transactional relations among
participants and eventually reach a balance of interests, ultimately promoting innovation to
achieve the goal of sustainable development [22]; the design of network governance mech-
anisms can effectively optimise the allocation of resources, maintain the overall efficacy of
the network, its operational functions, the distribution of benefits among participating ac-
tors, and improve the efficiency of the market in innovation pilot zones. Thereby, the design
of network governance mechanisms can effectively optimise the allocation of resources,
maintain the overall efficacy of the network, its functioning, the distribution of benefits
among participating actors, and improve the efficiency of the market in the innovation
pilot area, thereby achieving collaborative innovation and shared value creation. Scholars
have pointed out that network governance is an essential tool for balancing the relation-
ship between democratic participation, efficiency and effectiveness in policymaking [23],
encouraging public participation [24], and thus influencing the institutional landscape of
policy formation and implementation [25]. As the promulgator and implementer of various
science and innovation policies and innovation network governance, the government can
influence the institutional landscape of policy formation and implementation by motivating
subjects’ participation. Social relations and credibility, among others, play an essential role
in the cooperation between subjects within a network.

2.3. Research Gap Analysis

In summary, despite some differences in their research backgrounds, methodologi-
cal approaches, and central research questions, scholars across related literature broadly
discussed the following topics: (1) the meaning of innovation network governance and
the innovation governance model [26,27]; (2) the role of innovation subjects in terms of
innovation network governance [28]; and (3) the role of the innovation network governance
mechanism on innovation performance and behaviour [29,30]. However, some research
questions remained unanswered, which have drawn our attention: (1) the current research
of scholars mainly focuses on the research of innovation networks in developed countries
or regions and pays little attention to developing and underdeveloped regions. (2) In terms
of research methods, the existing literature mainly applied qualitative analysis, such as
case analysis without sufficient data. There is a lack of a combination of qualitative and
quantitative analysis to enhance the preciseness of the research result. With the degradation
of the innovation environment, the organisation model has become consistently complex,
which raised new challenges for the innovation network governance. Meanwhile, the
core area is underdeveloped compared to the developed area, the network infrastructure,
resource endowment conditions, and location disadvantages, and it is difficult to learn from
the relevant research conclusions of the innovation network and its governance mechanism
in developed regions. The possible marginal contributions of this paper are as follows:
(1) this study starts from both market and government perspectives and concludes the
existing literature, exploring the formation mechanism of the innovation network. By
doing this, we complement the research gap of innovation network formation. (2) This
research applies grounded theory to sort out the development constraints of the innovation
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network and its corresponding governance mechanisms in the core area. Therefore, we
extend the application scenario of innovation network mechanisms in the underdeveloped
area and provide the theoretical basis for enhancing the innovation capability of the core
area. (3) The paper empirically tested the impact of network structure governance and
network relationship governance on the firm’s innovation performance in market-led and
government guidance scenarios and supplemented the existing literature. The research
path is shown in Figure 2.

| Collection of core area innovation documents |

v Y

Core area’s innovation network Field research interviews with
development in practice sci-tech enterprises

A
Summarising the governance issues of the
inhovation network

Exploring recommendations for improving Recommendations for the governance of
the governance of innovation network innovation networks explored by empirical testing

| Building governance mechanisms for innovation networks |

Figure 2. Research pathway.

3. Grounded Analysis of the Governance Mechanism of Innovation Networks

The current research on innovation networks” development constraints in the core
area and their governance mechanisms is still in the exploratory stage.

The research on the development constraints and governance mechanisms faced by
the innovation network in the core area is still in the exploratory stage. We collected the
data through interviews and surveys combined with the grounded theory. We explore
the development constraints by constructing the corresponding governance mechanism
based on this adapted to the research of the theoretical exploration stage. Glasser and
Strauss [31] first proposed the grounded theory, which is an essential tool in the man-
agement field. There are three schools of grounded theories: classical grounded theory,
procedural grounded theory, and constructivism grounded theory. In this study, we ap-
plied procedural grounded theory (hereinafter grounded theory). Grounded theory is
different from other research methods, and it is a continuous process of iteration, recursion,
and interaction, which makes its research conclusions have a rigorous scientific nature.
Therefore, grounded theory has unique advantages in defining core concepts, exploring the
internal relationship between concepts, and forming a theoretical framework. The clarity
and normativity of its research process make it highly operable, especially suitable for
explaining management phenomena that are not clearly defined or difficult to identify and
explain with existing theories. Grounded theory collects data around research questions
through “open coding-spindle coding—selective coding”. We collated and analysed it by
a three-level coding program. Compared with positivism, the collection, collation, and
analysis of grounded theoretical data is a continuous iterative process. The results produced
by each step will be repeatedly compared and tested with the deepening of research to
form a theory with a higher degree of match with the actual situation and then provide
a corresponding theoretical basis for explaining the research problem. The development
constraints faced by the innovation network in the core area explored by using interview
surveys combined with the grounded theory research method are more applicable, and the
network governance mechanism constructed is more scientific.

3.1. Selection of Material
3.1.1. Selection of Target Parks

The research object is the national industrial parks in the core area. Compared with the
case of “park within a park” (“Park within a Park” is a small park that combines the same
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type of enterprises in a national industrial park. For example, in the Urumqi High-tech
Industrial Park, there are software parks, biomedical industrial parks, and innovative
small and micro enterprise parks), the science and innovation actors in national parks are
more abundant and conducive to enhancing the integrity and science of the analysis. We
consider the availability of data and the representativeness of the park. This paper selects
the scientific and technological innovation practices of the two most representative parks
in “Five Places and Seven Parks” of the core area (as shown in Figure 3), namely “Urumgqi
High-tech Industrial Park” and “Urumgi Economic and Technological Development Zone”,
as case studies. The two contribute the most to the development of the core area in terms of
economic benefits and innovation capabilities compared with the other five parks in the
core area. The case parks are described in Table 1.

= Karamay
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Shinezi Uriimaqi
o

«Hami
“Tispan

N ; _Ruogiang

Figure 3. Map of “Five Places and Seven Parks”. Notes: black dots represent places; orange dots
represent parks.

Table 1. Case park profile.

Park Name Established Park Features
Date
The new energy, new materials, equipment manufacturing, biomedicine, coal
petrochemical, and modern service industries are the primary pillar industries of the
High-tech high-tech zone and have taken shape. In recent years, the high-tech zone has been
Industrial A recognised as an international-level innovation base for science and technology, a
Development ugust 1992 high-tech industrialisation base for photovoltaic power generation equipment, a modern
P 8 P P 8 quip /

Zone service industry industrialisation base, a new industrialisation demonstration base, and
an e-commerce demonstration base, and it is the first national-level intellectual property
pilot park in Xinjiang.

With advanced manufacturing and modern services as the primary pillar industries, the
economic development zone has focused on developing the real industrial economy and
has introduced and cultivated hundreds of vital industrial projects, such as Goldwind
Economic and Technology, SAIC Volkswagen, and GAC Group. It has formed a relatively complete
Technological Aueust 1994 advanced manufacturing system supported by wind power equipment, automobile
Development & manufacturing, intelligent terminals, rail equipment, engineering, and agricultural
Zone machinery manufacturing, etc., filling several gaps in the manufacturing sector in the

capital and even in the whole territory. The first passenger car, the first tunnel equipment,
the first underground train, and the first intelligent terminal were all launched in
the region.

Data source: www.uhdz.gov.cn (accessed on 1 March 2022), www.uetd.gov.cn (accessed on 1 March 2022).


www.uhdz.gov.cn
www.uetd.gov.cn

Sustainability 2022, 14, 7589

8 of 24

3.1.2. Data Collection

Semi-structured interviews were conducted with various subjects within the inno-
vation network of the targeted park to obtain primary data around this paper’s research
objectives and design, with a total research period of 2020-2022 and in-depth interviews
ranging from 30 to 150 min. Firstly, we enhance the study’s validity by reliable, complete,
and representative secondary sources, including policy documents, which can provide a
more systematic and comprehensive response. Secondly, master’s thesis/journal literature,
mainly selected from the domestic and international literature on innovation networks
and their governance. Thirdly, official reports, including the official websites of high-tech
and economic development zones, mainstream media reports on innovation efficiency and
networks, etc. The research team conducted a review of the different sources. The research
team triangulated the information from various sources to ensure the information’s reliabil-
ity and the study’s scientific validity. The data collection was mainly dynamic, and, when
we identified problems in the study, the data were collected again with a problem-oriented
approach. The data analysis and collection were crossed. The details are shown in Table 2.

Table 2. Sources and content of information.

Data Type

Data Sources

Interview Data Content

Interviews
(semi-structured)

First-hand data

Parks Interviewees Number of Duration Representative
people (minutes) interview content
The status of role positioning,
Hich closeness to other nodes, and
technglo status of cooperation models;
) enter risgey 9 680 the status of innovative
Ecokrlmnluc gncll (Tllg) resource holdings, problems
technologica in each node, and measures to
development improve the status quo
zone
Government Role positioning situation,
departments > 155 network operation, problems
(G1) at each node, measures to
improve the situation
Role positioning situation,
) Re.search 4 170 network operation, problems
institute (R) at each node, measures to
improve the situation
Role positioning situation,
High-tech network operation, problems
. . it 6 420 ’
industrial Colleges (C) at each node, measures to
development improve the situation
zone High—tgch Positioning of roles, closeness
enterprises 11 775 to other nodes, the status of
(T2) innovative resource holdings
Government Role positioning situation,
departments 4 23 network operation, problems
(G2) at each node, measures to
improve the situation
What factors contribute to the
inefficiency of science and
innovation in the core area?
Expert scholar (E) 3 172 How can the core area be

scientifically and
creatively capable?

Policy

documents (P)

150 examples of relevant policy documents available on the core’s official data site

Secondary data lil’;gf;aotfs eic(z}}) 89 journal articles and master’s theses through Web of Science and CNKI
Official website Access to data on the high-technology and economic development zone government websites and

reports (M)

mainstream media in the core area

Source: compiled by the author.
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3.2. Grounded Theory and Analysis

A three-level procedural grounded theory coding procedure was applied to code
the collected primary and secondary data with the support of Nvivol2 software (QSR
International USA, Burlington, MA, USA). To ensure the reliability and validity of the
coding, three professors in the social sciences led the postgraduate students to collate
and code the data in a back-to-back manner. If disagreements arose during the coding
process, two professors agreed first, and, if they could not be resolved, the third professor
determined. After the data processing and coding process described above, the final
coding results showed strong consistency. The data processing and coding procedures
are included.

3.2.1. Open Coding

The research team led by the three professors was divided into three groups to carry
out a back-to-back process of labelling, conceptualising, and categorising the interview
data, policy documents, etc.

Following the open coding process steps to remove the duplicate, only once occurring
and uncategorisable first-level codes while retaining two team-level principles as far as
possible, resulting in 31 sub-categories. This is shown in Table 3.

Table 3. Open (associative) coding data structure.

.. Main o Main
Conceptualisation Category Category Conceptualisation Category Category
Low investment Role-modelling
policy
Insufficient talent Lack of fault Poor policy effect
investment tolerance
mechanism
Financing Imperfect .
difficulties Insufficient technology trading
resource allocation rules
Insufficient .
Old equipment support for Slow policy
equipme innovation response
coupons
. Insufficient
Logﬁﬂzgf;sﬁ nt financial and tax
Innovation support Government
Low talent development The long time limit management
introduction rate constraints for policy bottleneck
implementation Difficult pol
i ifficult polic
Lack of technical Lack of institution _JHHicult poncy
Talent outflow personnel implementation implementation
Poor talent Lack of policy
training effect implementation
Information Many similar
asymmetry enterprises Seri
Lack of lqcal Lack of in.dustrial homoeglgg?ssati on
cooperation chain
partner Uncoordinated complementation
Imperfect innovation chain i
coogeration Lack of supporting
mechanism services ) .
— Low industrial
Competition is Insufficient energy level
lareer than investment in
& production

cooperation

capacity




Sustainability 2022, 14, 7589

10 of 24

Table 3. Cont.

Conceptualisation Category Celx\geagl(r)lry Conceptualisation Category C;\;Ieiglgry
Strengthen leading C(I:/llll:lllgtlogziitx}:e
enterprises innovation
. Multiparty
erhii(}ii?i . cooperative
Network position transformation Relation strength
centralit
Multi-subject Y teCc%Inn(I)rllggy
cooperation breakthrough

Information portal

Mutual trust of

hub innovation subjects
. . Innovative
Multiparty direct technology into the
connection
stake .
- Network structure Network relation
Multlpar.ty governance Sharing innovation . governance
transmission Network structure mechanism isks Relational contract mechanism
connection hole
Information . .
accumulation and Bgneflt;drwfn
sharing investmen
Network scale Sharing
expansion cooperation results
Network ]
cooperation . Shared investment
frequency Network density cost
Network resource Innovation Collaborative
allocation equipment sharing .
y cooperation
Network resource Reglopal ¢
integration cooperation o
innovation
Quality
competition Follow news Policy concern
Competition Focus on
Price competition response government Government
Market-led documents guidance

Demand survey

User feedback

Demand response

Mechanism reform

Differentiated
development

Policy response

Patent application

Innovation
Patent capability
authorisation ) o
Innovation vitality
Patent conversion
rate Conversion
Patent transaction efficiency

volume

New product sales
revenue

Number of new
product
development
projects

Innovation
efficiency

Innovation output

Industrial-scale

Absorb
employment

Industrial practice

3.2.2. Associative Coding

After open-ended coding, we obtained an array of conceptualisations and categorisa-
tions with operational definitions. We followed by an analysis of the relations and choruses
between the categorisations to establish meaningful links.

In this process, we explore the intrinsic links between the categorisations. The intrinsic
links between the categorisations are phenomenological according to the causal conditions,
phenomena, chakras, strategies of action/interaction, and outcomes of the phenomena
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analysed. The project team found an intrinsic logic between the 20 categorisations obtained
in the open coding process of the primary axis coding. Ultimately, we summarised eight
main categories. Based on the above analysis, we explained the categories in the grounded
theory part. The definitions of the main categories are shown in Table 4.

Table 4. The definition of the main categories.

Main Category Definition

Development constraints refer to the problems faced by the core area
innovation network in the development process, such as insufficient
resource allocation, lack of technical talents, and non-coordination of
the innovation chain, forming the development constraints faced by
the core area innovation network.

Innovation and
development constraints

The bottleneck of government management refers to the fact that,
when the government supervises and manages the innovation

Bottlenecks in network, it is affected by some subjective and objective factors,
government resulting in the difficulty and poor effect of the policies promulgated
management by the government. The slow response of the approach to the

demand for innovation so that the government’s management has
reached a bottleneck in the current period.

Network structure governance mechanism refers to the different
network characteristics of the core area innovation network, such as
“network structure hole, network density and network location

Network structure centrality”. The specific operation is to strengthen the park’s leading
governance enterprises and improve their network location’s centrality. It
mechanism supports establishing direct/indirect links between innovative

entities to enrich the number of holes in the network structure. It
fosters collaboration between innovations, increases collaboration
frequency, and increases overall network density.

Network relation governance refers to the collaborative governance
of the relation characteristics of each innovative subject in the core
area of the innovation network, such as “relation strength, relation

Network relations contract and collaborative cooperation”. The specific operation is that
governance the park guides enterprises to carry out mutual innovation and
mechanism equity investment to enhance the strength of the relation between

enterprises. It guides enterprises to establish cooperation contracts
for risk, benefit, and innovative facilities sharing to achieve synergy
and cooperation between enterprises.

Market orientation refers to the organisation of innovation activities

Market-led by each innovation entity guided by market demand

Government guidance refers to the government guiding innovative

Government guidance o L . ..
& activities through leading innovative organisations.

Innovation vitality refers to the innovation ability of each innovative
Innovative vitality entity, which is reflected in the patent application volume, transaction
volume, and other indicators of each innovative entity.

Innovation output value refers to the economic benefits generated by

Innovative output value . . o . . . .
P the innovative activities organised by each innovative entity.

3.2.3. Coding Categorisation Check

After the first round of open and spindle coding by the coding team, we obtained
134 labels and extracted 62 conceptualisations and 20 categorisations. We combined and
discussed 20 conceptualisations at a conceptual level. We formed eight main categories by
applying the paradigm model: innovation development constraints, government manage-
ment bottlenecks, network structure governance, network relations governance, govern-
ment guidance, market-led, innovation output, and innovation dynamism.
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In the second round, we divided six judges into three groups and re-categorised 62 con-
ceptualisations into eight main categories. In this process, we divided six researchers into
three groups, three of whom were PhD students, two of whom were PhD supervisors, and
one of whom was a university teacher in the same field of study working in a government
department. The study result is more consistent with the second round of categorisation.
Among the 62 conceptualisations, only four were categorised as having three completely
different groups. Of the remaining 58 conceptualisations, 49 were classified as having three
identical groups and were categorised directly. In contrast, the other nine had two identical
groups and were categorised according to the “majority rule”.

We thoroughly discussed the four conceptualisations with completely different cate-
gorisation results. The external experts were consulted before the inconsistently categorised
conceptualisations were assigned to their respective categories. After discussion and con-
sultation, one of the four conceptualisations with completely different categorisations was
attributed to government management bottlenecks. One belongs to network relation gover-
nance, innovation output, and network structure governance. The consistent results of the
second round of categorisation are shown in Table 5.

Table 5. Summary of consistency in the second round of categorisation.

Summary of the Second Round Summary of Categorisation after
Categorisation of Independent Categorisation Discussion and Adjustment

Number of Labels  Percentage = Number of Labels  Percentage

Completely different 4 6.45% 0 0.00%

Same for both groups 9 14.52% 11 17.74%
Exactly the same 49 79.03% 51 82.26%
Total 62 100% 62 100%

After detailed discussion, the final 62 conceptualisation labels were categorised as 12
for innovation development constraints, 12 for government management bottlenecks, 11 for
network structure, 11 for network relations, 4 for market-led, 4 for government guidance,
4 for innovation output, and 4 for innovation dynamism. The categorisation results are
shown in Table 6.

Table 6. Results of the second round of categorisation tests.

. Three Sets of Independent Categorisation after the Three
Main Category Categorisation Results %;roups’ Discussions

Innovation development constraints 12 12
Government management bottlenecks 11 12
Network structure governance 10 11
Network relation governance 10 11
Market-led 4 4
Government guidance 4 4
Innovative performance 3 4
Innovation capacity 4 4
Total 58 62

The third round of reliability analysis is essential to the content analysis process. By
reliability analysis, we mean whether the categories and units of analysis resulting from
the content analysis can be grouped into the same categories by different researchers and
whether the conclusions obtained are consistent. Thus, reliability directly affects the results
of content analysis. The content analysis must be subjected to a rigorous reliability analysis
to improve accuracy, and the formula for calculating the reliability of content analysis is

as follows.
n*(mutual agreement)

+ [(n — 1)*mutual agreement|

Reliability = I
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where n = number of coding groups, mutual agreement = M/N, where M represents
the number of consensuses, and N represents the total conceptualisation of the category.
According to the reliability analysis Table 7 of coding and classification, the reliability is
€[88.89%, 100%]. In terms of the test standard of questionnaire reliability, all coding and
classification reliability pass the reliability test.

Table 7. Reliability analysis of classification test.

Number of Mutual

Main Category Total Entries Consensuses Agreement Reliability
Innovation and 12 9 75.00% 90.00%
development constraints
Government management 12 9 75.00% 90.00%
bottleneck
Network structure 11 10 90.91% 96.77%
governance
Network relation 11 8 72.73% 88.89%
governance
Market-led 4 3 75.00% 90.00%
Government guidance 4 4 100.00% 100.00%
Innovation performance 4 3 75.00% 90.00%
Innovation ability 4 3 75.00% 90.00%

3.2.4. Selective Coding

Through multiple rounds of in-depth comparative analysis of the eight main categories
and repeated listening to the interview recordings, we clarified the storyline of grounded
research. The government management bottlenecks, such as the lack of technical talents
and insufficient resource allocation efficiency faced by the core area innovation network,
such as the lack of technical personnel and inadequate resource allocation efficiency, and
the slow response to policies and the difficulty of policy implementation, are the key factors
hindering the improvement of the current core area science and technology innovation
capability. The network relation governance and structure governance in the market-led
and government-guided environment are effective measures to solve the current network
development constraints and improve the firms’ innovation vitality and innovation output.
Through the above analysis, we finally formed the three core categories of innovation net-
work development constraints, innovation network governance mechanism, and enterprise
innovation performance, as shown in Figure 4.

I Innovation development constraints || Government management bottlenecks |

| Development constraints of the innovation network |

L2

I Network relations governance ] INetwork structure governancel

I Innovation network governance |
) )
I Government guidance | | Market-led |
| Innovative dynamsim | | Innovation output I
y
| Firm innovation performance |

Figure 4. Schematic representation of selective coding results.
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3.2.5. Theoretical Saturation Test

After completing the coding process, the project team applied the remaining 30% of
the data material to test the results for theoretical saturation following the coding process
described above. There are no new conceptualisations, new categories, or new dimensions
that emerged during the test. Therefore, we consider the theory statured.

4. Empirical Test of the Mechanism of the Role of Science and Innovation Performance
4.1. A Conceptual Model of Performance Governance Mechanisms in Science and Innovation

The establishment of independent innovation demonstration zones is conducive to
the embedding of innovation networks, and network embedding is generally divided
into structural embedding and relational embedding. When the innovation network is
embedded, due to the constraints of innovation and development and the constraints of
government management bottlenecks, it is necessary to govern the network to further
enhance its role in promoting the firm’s innovation performance. Combined with the
above grounded analysis results and the existing literature, it can be seen that network
structure governance affects the network capabilities of enterprises by improving the
location centrality of core enterprise networks, increasing network density, and enriching
network structure holes [32], thereby increasing the number of enterprises controlling and
utilising resources [33,34], which, in turn, improves the firm’s innovation performance.

Network relation governance, on the other hand, strengthens inter-organisational
relations through the establishment of relation contracts to enable inter-organisational
cooperation and constrain the behaviour of both parties, thereby safeguarding the legitimate
rights and interests of both parties [35] so that their cooperation produces synergistic effects,
thereby improving the firm’s innovation performance. However, further testing is still
needed. Therefore, this article proposes the assumption that:

Hypothesis 1. Network structure governance is conducive to improving the firm’s innovation
performance.

Hypothesis 2. Network relation governance is conducive to improving the firm's innovation
performance.

According to the results of the grounded analysis, the core area innovation network
faces the constraints of innovation and development by two parts: innovation and develop-
ment constraints and government management bottlenecks. In the market-led innovation
network environment, enterprises are attracted by huge market profits and will actively
carry out innovative activities [36]; in order to achieve the success of innovation activities,
enterprises increase their ability to control resources by improving the proximity of their
network location, the number of structural holes in the network, and the strength of part-
ners’ relations [37], thereby strengthening the effectiveness of network structure governance
and network relation governance. In the environment of the government-led innovation
network, the government has changed the previous management mode, provided policy
and financial support for enterprise innovation through policies and topics [38], guided
enterprise innovation activities, and enhanced the innovation enthusiasm of enterprises; in
order to reduce the risk of innovation activities, enterprises increase their ability to control
resources by improving their network location near the centre, the number of structural
holes in which they are located, and the strength of partners’ relations, thus strengthening
the effect of network structure governance and network relation governance. Based on the
above analysis, this paper proposes Hypotheses 3a, 3b, 4a, and 4b:

Hypothesis 3a. Market-led positively moderates the relation between network structure governance
and firm innovation performance.
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Hypothesis 3b. Market-led positively moderates the relation between network relation governance
and firm innovation performance.

Hypothesis 4a. Government guidance positively moderates the relation between network structure
governance and firm innovation performance.

Hypothesis 4b. Government guidance positively moderates the relation between network structure
governance and firm innovation performance.

The conceptual model is shown in Figure 5.

The establishment of an independent zone

Network relation governance Network structure governance

Government guidance

H-

Market-led

Firm’s innovation performance

Figure 5. A conceptual model of the mechanisms at play in science and innovation performance.

4.2. Sample Selection and Data Collection

High-tech enterprises in the core area of “Five Places and Seven Parks” (specifically
referring to seven industrial parks located in five places: Urumgqi, Shihezi, Hami, Karamay,
and Changji) were selected as the respondents for the surveys. This paper studies the
enterprises in the core area in the five innovation networks. Study survey data are mainly
obtained in two ways: firstly, the geographically close respondents were contacted by
telephone/email and then visited on-site to conduct the survey research. Secondly, for
respondents in a remote area, data were collected by electronic questionnaires through
channels such as email and WeChat. We enhanced the questionnaire quality by providing
explanations for each of the variables. The training was given to the survey distributors
before the survey distribution so that they could effectively collect and address the feedback
from the respondents.

The formal research period for the survey data collection lasted almost six months,
from late October 2021 to mid-April 2022. A total of 412 questionnaires were distributed,
of which 162 were distributed on-site and 154 were returned, resulting in 150 valid ques-
tionnaires; 250 electronic questionnaires were distributed via the internet and 245 were
returned, resulting in 200 valid surveys. A total of 350 valid surveys were distributed,
with a valid return rate of 84.95%. Further analysis of the industry distribution, regional
distribution, and the nature of property rights of the research enterprises.

First, industry distribution: there were 381 firms in total, including 109 electronic
information enterprises, accounting for 28.61%; 46 biomedical enterprises, accounting
for 12.07%; 82 new energy enterprises, accounting for 21.52%; 76 intelligent equipment
manufacturing enterprises, accounting for 19.95%; 53 new materials, 13.91%, and 15 other
types of enterprises, accounting for 3.94%. Secondly, regional distribution. 32.39% of the
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sample enterprises were located in Urumgqi, 22.54% in Shihezi, 11.28% in Changji, 14.11%
in Karamay, 14.11% in Hami, and 5.63% in other regions. Finally, in terms of ownership.
62.46% were privately owned; 15.49% were state-owned; 20.74% were joint ventures; and
1.41% were other types. It can be seen that the sample data are highly representative, and
the basic statistics are shown in Table 8.

Table 8. Sample statistics.

Dimension Sub-Indicators Numbers %
Urumgqi 123 32.39%
Shihezi 86 22.54%
. o Changji 43 11.28%
Regional distribution Hami 54 1411%
Karamay 54 14.11%
Other regions 21 5.63%
Private equity 238 62.46%
State capital 59 15.49%
Nature of property Joint ventures 79 20.74%
Others 5 1.41%
Electronic information 109 28.61%
Biomedical 46 12.07%
L New energy 82 21.52%
Industry distribution Intelligent equipment manufacturing 76 19.95%
New materials 53 13.91%
Other types 15 3.94%
1-99 people 56 14.70%
Fi . 100499 people 144 37.8%
1rm size 500-999 people 97 25.46%
1000+ 84 22.04%

4.3. Variable Measurement

According to the results of the grounded analysis, the hypotheses are put forward
in combination with the literature combing, and the questions measuring each variable
are designed by drawing on the relevant literature, as shown in Table 9. This article sets
the firm age and firm size as the control variables. Among them, the firm age = the year
of the questionnaire distributed (2022)—the year of firm establishment; the size of the
innovation body is measured by the number of employees and divided into four levels, of
which 1 represents less than 100 people and 2 represents 100499 people, while 3 represents
500-1000 people, and 4 represents more than 1000 people.

The measurement problems of the above variables are based on the existing research
literature. The related questions are revised around the content of this paper’s grounded
analysis results and network governance, as well as the respondents’ feedback in the
questionnaire distribution process. In addition, to the control variables, the other variables
were designed using the Linkert five-point scale, of which 1 expressed strong disagreement,
2 disagreed, 3 expressed neutrality, 4 expressed agreement, and 5 expressed full agreement.
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Table 9. Variables and question items of the conceptual model of the mechanism of action of science

and innovation performance.

Measured Variables

Variable Type latent Variable Reference
Symbols Name Question Items
RG1 Relationship We trust our key innovation partners.
strength
Network relation RG2 Relationship Our coope_ratior} wit}} our in_nova?ive Park & Bae (2004) [39], Zhou
governance contract partners is a win-win relationship. et al. (2010) [40], Manev &
Innovative partners share their Stevenson (2001) [41]
RG3 Collaboration knowledge to help other members find
Independent solutions to problems.
variable Network We act as a bridge/intermediar
SG1 - bridge/ y Bruyaka (2008) [42], Chuang
structure hole between innovative partners. etal. (2016) [43], Jackson
. We have a high degree of aggregation et al. (2006) [44], Hippel &
Netg\gc‘)]zl;itaﬁcgure 5G2 Network density among partners. Krogh (2003) [45], Falci &
sG3 Network The knowledge/technology is shared McNeely (2009) [46]
centrality between partners through us.
ML1 Competitive We respond quickly ’Efot the actions of
response our competitors. Narver & Slater (2004) [47],
Market-led Our functions all respond effectively to Li (2005) [48]
. ML2 Demand response
Moderating user needs.
variables GCl Policy concerns We pay close attention to the various
Govgénment y policies issued by the government. Song et al. (2006) [49]
uidance
& GG2 Policy response We strictly enforce government policy.
INP1 Sci-tech Efficiency We are often the first in the industry to
introduce new products/services.
INP2 Patent conversion ~ We are often the first in the industry to
Dependent Firm’sf innovation rate apply new technologies. Bell (2005) [50], Thomas &
variable periormance New product After product improvement, we Ritter (2004) [51]
INP3 .
value earned high sales.
INP4 New technology Our products include state-of-the-art
output technology and techniques.

4.4. Reliability and Validity Tests

We conducted the reliability and validity of the questionnaire, reliability analysis, and

factor analysis of the following variables: Network structure governance, Network relation
governance, market-led, government guidance, and firm’s innovation performance (see
Table 10), and the results showed that the KMO values of the variables (0.712, 0.921) met
the requirement of greater than 0.700 critical value; Bartlett’s sphere test.

Table 10. Results of reliability validity tests for variables.

Variables Item Load KMO Cronbach’s « AVE CR
. RG1 0.785
Network relat
€ Vj;’;nffni;"“ RG2 0.835 0.712 0.709 0.657 0.793
& RG3 0.742
SG1 0.887
Net k st t
€ V:)“’]reriarnucceure SG2 0.859 0.921 0.954 0.766 0.908
& SG3 0.880
ML1 0.772
Market-led ML2 0.760 0.798 0.773 0.610 0.824
ML3 0.810
Government GG1 0.850
suidance oo 0762 0.718 0.741 0.568 0.839
INP1 0.749
Firm’s innovation INP2 0.859
performance NP3 0.836 0.740 0.709 0.626 0.869
INP4 0.711
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The results are significantly different from 0, and it can be seen that the conditions
of factor analysis are satisfied. The Cronbach’s a coefficient of each variable is (0.709,
0.954); meanwhile, the combined reliability (CR) value of each variable is (0.793, 0.908),
which meets the requirement of greater than or equal to 0.700, which indicates that the
reliability level of this study is within the acceptable range. The factor loading values for
each question item (0.711, 0.887), which met the criterion of greater than 0.500, indicated
that the scale had a good convergence. The average extractive variance (AVE) values (0.568,
0.766), which met the requirement of being close to and more significant than the critical
value of 0.500, indicated that the scale had significant discriminant validity. It can be seen
that the scale used in this study passed with high validity and credibility.

4.5. Empirical Testing
4.5.1. Correlation Test

We applied SPSS 19.0 software (IBM, New York, NY, USA) to analyse the collected
data. We showed the variance and Pearson correlation of the variables and the test results
in Table 11. From the data in the table, the Pearson correlation coefficients between the
variables are less than 0.6, which is in the acceptable range. This result shows no serious
correlation between the independent, dependent, moderating, and control variables.

Table 11. Matrix of correlation coefficients for descriptive statistical variables.

Variables Mean Std. NS NR MO GO INP Age Size
NS 23.72 4.64 1.000
NR 21.44 227 0.392 *** 1.000
MO 25.60 3.14 0.339 *** 0.584 *** 1.000
GO 22.54 1.97 0.292 *** 0.326 *** 0.452 *** 1.000
INP 20.52 2.55 0.384 *** 0.457 *** 0.558 *** 0.393 *** 1.000
Age 15.43 11.78 —0.146 —0.161 -0.111 —0.289 *** -0.176 1.000
Size 2.55 0.996 —0.021 0.216 0.174 0.106 0.372 *** 0.221 ** 1.000

Notes: ** represents p < 0.05, *** represents p < 0.01.

4.5.2. The Main Effect, Moderating Effect Test

The regression model is used to test the relationship between network structure gover-
nance, network relation governance, and enterprise innovation performance, as well as the
results of market-led and government-led regulation effects, as shown in Table 12. Model 1
examines the impact of control variables on the innovation performance of enterprises.
Model 2 examines the impact of network structure governance on the innovation perfor-
mance of enterprises. Model 3 is to incorporate the interaction terms of network structure
governance, market leadership, network structure governance, and market leadership into
the model at the same time to test the market-led regulatory effect. Model 4 is to incorporate
the interaction terms of network structure governance, government guidance, network
structure governance, and government guidance into the model at the same time to test
the regulatory effect of government guidance. Model 5 examines the impact of network
relation governance on firm’s innovation performance. Model 6 is to incorporate the inter-
action terms of network relation governance, market-led, network relation governance, and
market-led into the model simultaneously to test the market-led regulatory effect. Model 7
is to simultaneously incorporate the interaction terms of network relation governance,
government guidance, network relation governance, and government guidance into the
model to test the moderating effect of government guidance. The results show that the D-W
values of the variables in models 1-7 are close to 2, and the VIF values are lower than 3,
indicating that the test results are not affected by the multicollinearity and autocorrelation
of the variables. Models 2 and 5 verify that both network structure governance and network
relation governance positively impact enterprise innovation performance at a significance
level of 0.01, i.e., assume H1 and H2 are established. Model 3 verifies that market-led
environment plays a positive role in regulating the relationship between network structure
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governance and enterprise innovation performance at the significance level of 0.05. Model 4
verifies that government guidance positively moderates the relations between network
structure governance and a firm’s innovation performance at the significance level of 0.01.
Model 6 verifies that market dominance positively moderates the relationship between
network relation governance and a firm’s innovation performance at the significance level
of 0.1. Model 7 verifies that government guidance positively moderates network relation
governance and a firm’s innovation performance at a significance level of 0.1, i.e., assuming
H3a, H3b, H4a, and H4b was established. In summary, the innovation network governance
mechanism constructed in this paper can better help the innovation network in the core
area to break through the current shackles and improve the firm’s innovation performance.

Table 12. Results of hierarchical regression analysis.

Sci-Tech Network Performance

Variables
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Firm age —0.124 ** —0.086 * —0.008 —0.045 —0.081 —0.064 —0.043
Firm size 0.222 *** 0.208 *** 0.120 ** 0.076 0.172 *** 0.151 *** 0.107 **
Network structure governance 0.190 *** 0.392 ** 0.961 ***
Network relations governance 0.468 *** 0.402 *** 0.928 ***
Market-led —0.954 *** —0.055
Government guidance 0.549 *** —0.222 %
Network structure governance * 0.136 **
Market-led ’
Network structure governance * 0.160 ***
Government guidance ’
Network relation governance * .
Market-led 0.020
Network relation governance * 0.022 *
Government guidance ’
R2 0.197 0.292 0.462 0.662 0.311 0.336 0.426
Adjusted R2 0.177 0.264 0.427 0.639 0.284 0.292 0.388
F-value 9.705 10.704 13.067 29.727 11.729 7.688 11.264

Notes: * represents p < 0.1, ** represents p < 0.05, *** represents p < 0.01.

5. Conclusions

As essential support for enhancing the science and technology innovation capacity
in the core area, the innovation network is a crucial carrier for the core area to realise the
innovation-driven development strategy. This paper analyses the innovation practices of
innovation networks in the core area and explores the development constraints faced by
the core area’s innovation networks. It explores corresponding governance measures to
build a network governance mechanism that breaks through the shackles and seeks an
adequate development path for the core area’s innovation networks. It also contributes to
realising China’s innovation-driven development strategy in the core area.

5.1. Research Conclusions

This paper firstly compares the formation mechanism of innovation networks. We
applied grounded theory to analyse the development practice of innovation networks in
the core area and found constraints faced by various subjects in the network. Then, we
explored the innovation network governance mechanism to break through the shackles.
We come to the following conclusions.

Firstly, the formation of an innovation network is jointly influenced by two main
factors: on the one hand, the innovation network is influenced by the market-led environ-
ment, which directly contributes to the formation of innovation networks because of the
market-led scenario for access to innovation resources and advantages, benefit-sharing,
and risk-sharing among science and innovation actors in the network. On the other hand, it
is influenced by government policies. The government has introduced policies to optimise
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the regional innovation environment and a series of science and innovation policies to
guide the formation of innovation networks.

Secondly, the study found that the constraints faced by the core area’s innovation
network are: the imperfect upstream and downstream supply chains of high-tech enter-
prises, the lack of science and innovation capabilities and the lack of science and innovation
resources in universities/research institutes and their incomplete embedding in the innova-
tion network, the low efficiency of government departments in formulating policies and
implementing them, as well as their strong dominant power in the innovation network.

Lastly, based on the perspective of innovation network governance, combined with
the suggestions given by each science and innovation actor and the empirical test results,
we found that the construction of structure and relation governance mechanisms is an
important way to break through the constraints of the firm’s innovation performance in the
core area at present.

5.2. Relation between Subjects of the Innovation Network after Governing

This is part of the ideal state of the core area innovation network after the gover-
nance of network structure and network relationship governance under market-led and
government guidance.

Network structure and network relation governance optimise direct/indirect links
between the various innovation network actors. Specifically, based on the role of the mar-
ket mechanism, the government establishes laws, regulations, and codes of conduct for
the behavioural choices of each innovation agent through top-level design. At the same
time, when problems arise in the relation between the agents, the government intervenes
to coordinate the relationship between them, thus ensuring the regular operation of the
innovation network. In addition, the government has set up a venture capital department
and cooperated with financial institutions to expand the pool of funds and collaborate
with intermediaries to provide financial support to high-tech enterprises’ scientific and
technological activities, thus alleviating their external financing constraints. Universi-
ties/research institutes also play an essential role in the innovation network. On the one
hand, universities /research institutes cultivate and provide high-quality human capital for
the technological innovation of the innovation agents in the network.

On the other hand, universities/research institutes develop some high-quality basic
scientific research results and original innovation results to support the basic effects of the
innovation agents in the network. Financial institutions provide corresponding financial
support and financing services for the science and innovation activities in the network.
In addition, the supply chain financing services are capable of new technologies, linking
multiple entities, such as enterprises, universities, and financial institutions, to realise
the combination of industry and finance and jointly promote technological progress. As
an essential part of the regional innovation network, intermediaries provide specialized
services, such as technology assessment, innovation resource allocation, and management
consultancy, to all the innovation agents in the network. As the most critical innovation
agents in the innovation network, firms share the benefits with other innovation agents
in the network and also provide a place for the talents trained by universities/research
institutes to practice. In addition, firms conducting science and innovation enclaves share
the benefits with the resident innovation network. The government restricts the fund to an
ethical and legal framework, and the fund operates the entire innovation network based on
the market-led environment. Then, the innovation network in the core area is gradually
embedded in innovation society. The innovation network after optimization is shown
in Figure 6.
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Figure 6. Relations between the subjects of the innovation network in the Silk Road Economic Belt
core area.

5.3. Theoretical Insights

Firstly, scholars mainly focused on the group preferences [52], knowledge diffusion
mechanism [53], internal independent mechanism [54], and other micro-level innovation
network theories. Few pieces of literature discuss innovation network formation from
a macro perspective. Therefore, the paper starts from a market and government per-
spective and is based on conclusions from the existing literature, and we explored the
innovation network formation mechanism, which filled the research gap of innovation
network formation.

Secondly, few papers focused on innovation network governance and mainly studied
developed countries and/or developed regions’ innovation network governance [55].
There is a lack of studies that focus on developing and underdeveloped innovation network
governance. Therefore, this study takes the core area of the innovation network as the
research subject and applies grounded theory to explore the shackles of the innovation
network at present and corresponding innovation network governance. As such, we
extended the application scenario of the innovation network governance mechanism in
underdeveloped regions and provided the theoretical basis for enhancing the innovation
capability of the core area.

Finally, although the existing literature has discussed the impact of innovation network
structure governance or innovation network relation governance on the firm’s innovation
performance of under the mechanisms of trust [56], reputation, etc., the impact of net-
work structure governance and network relation governance on the firm’s innovation
performance under the different orientations of the market/government has not been dis-
cussed. Therefore, through empirical analysis, we examine the impact of network structure
governance and network relationship governance on the firm’s innovation performance
under the market-led scenario and government guidance and theoretically supplement the
existing literature.

5.4. Management Insights

Firstly, the government should focus on developing leading enterprises through
promulgating policies to enhance their networks’ centrality, thereby promoting their leading
role in small- and medium-sized enterprises. At the same time, the government should help
the innovation entities in the core area of the innovation network to establish direct/indirect
connections to enrich the number of structural holes in the network. Finally, it should
also help promote cooperation between various innovative subjects, thereby increasing the
frequency of collaboration and enriching innovation networks’ density.

Secondly, the government should guide enterprises to strengthen the relationship
between enterprises through cross-shareholding. At the same time, we will guide firms
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to establish cooperation contracts for risk- and benefit-sharing and realize collaborative
cooperation between enterprises through innovative facilities sharing. In addition, the park
government should also re-identify its positioning, carry out the service-oriented transfor-
mation, and change from leading the affairs of the park to guiding the transformation to
play the role of the market in the resource allocation of the core area innovation network.

Thirdly, enterprise innovation activity should respond to the market-led environment
to the greatest extent. Still, due to the strong leading ability of the core district government
to the innovation network and the particularity of its location, enterprises should actively
respond to the government'’s call and maintain a good relationship with it. This not only
helps to improve the political legitimacy of enterprises and the positive image of enterprises
but also brings some indirect support to enterprises so that enterprises can obtain rele-
vant information on changes in government innovation industry policies and innovation
strategies on time to quickly carry out their innovation activities and maximize the use of
policy preferences/opportunities provided by the government, thereby minimizing the
unpredictability of risks.

5.5. Research Perspectives

Future research can enhance the field in the following aspects. Firstly, this study is
mainly based on innovation development theory and network governance theory and is
conducted using the grounded research method and empirical questionnaire method.

Future research should combine the qualitative research method with the dynamic
simulation method. Secondly, innovation practices within the core area are in the process
of continuous development and evolution. This study only taps into the development con-
straints the innovation network faces in the core area and explores governance measures to
break through the shackles based on this. However, as time goes by, the development con-
straints faced by innovation networks in the core area may change, and the corresponding
governance mechanisms may also change. Therefore, it requires further research investigation.

Author Contributions: Conceptualization, methodology, software, validation, formal analysis, inves-
tigation, resources, data curation: J.X.; Writing—original draft preparation, H.].; writing—review and
editing, Q.D.; visualization, supervision, project administration, ].X.; funding acquisition, J.X. and
G.A. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Key Program of National Social Science Foundation of
China under Grant number 20AJY008; major project of National Social Science Foundation of China
under Grant number 20&ZD060; and Social Science Fund Project of Xinjiang Autonomous Region
under Grant number 21BGL109; 2021 Graduate innovation fund of Shanghai University of Finance
and Economics under Grant number CX]JJ-2021-402.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
authors. The data are not publicly available due to original informed consent provisions.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Freeman, C. Networks of Innovators: A Synthesis of Research Issues. Res. Policy 1991, 20, 499-514. [CrossRef]

2. Dudin, M.N,; Lyasnikov, N.V.; Egorushkin, A.P. Innovative Environment Forming as the Most Important Condition of Implemen-
tation of Efficient Innovations in the Industrial Entrepreneurship Sphere. Eur. Res. 2012, 33, 1868-1872.

3.  Kong, L.C,; Chai, Z.Y. Does the Upgrading of Provincial Development Zones Improve the Cities” Economic Efficiency? Evidence
from a Quasi-experiment of Heterogeneous Development Zones. |. Manag. World 2021, 37, 60-75+5.

4.  Liaqat, I; Gao, Y.; Rehman, FU.; Lakner, Z.; Oldh, J. National Culture and Financial Inclusion: Evidence from Belt and Road
Economies. Sustainability 2022, 14, 3405. [CrossRef]


http://doi.org/10.1016/0048-7333(91)90072-X
http://doi.org/10.3390/su14063405

Sustainability 2022, 14, 7589 23 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

Zuo, S.; Zhu, M.,; Xu, Z.; Olah, J.; Lakner, Z. The Dynamic Impact of Natural Resource Rents, Financial Development, and
Technological Innovations on Environmental Quality: Empirical Evidence from BRI Economies. Int. J. Environ. Res. Public Health
2021, 19, 130. [CrossRef]

Rehman, FU.; Noman, A.A. Trade related sectorial infrastructure and exports of belt and road countries: Does Belt and Road
Initiatives make this relation structurally instable? China Econ. ]. 2021, 14, 350-374. [CrossRef]

Ashraf, J.; Luo, L.; Khan, M. A. The spillover effects of institutional quality and economic openness on economic growth for the
belt and road initiative (BRI) countries. Spat. Stat. 2022, 47, 100566. [CrossRef]

Dziallas, M.; Blind, K. Innovation indicators throughout the innovation process: An extensive literature analysis. Technovation
2019, 80, 3-29. [CrossRef]

Kong, HW.; Liang, L.; Shi, M.H.; Xie, ].P. Research on the Performance Mechanism of S&T Innovation Platform: From the
Perspective of Network Embedding. J. Shanghai Univ. Int. Bus. Econ. 2022, 29, 96-108.

Briscoe, F.; Rogan, M. Coordinating Complex Work: Knowledge Networks, Partner Departures, and Client Relationship
Performance in a Law Firm. Manag. Sci. 2016, 62, 2392-2411. [CrossRef]

Saenz, ].; Pérez-Bouvier, A. Interaction with External Agents, Innovation Networks, and Innovation Capability: The Case of
Uruguayan Software Firms. |. Knowl. Manag. 2014, 18, 447-468. [CrossRef]

Dagnino, G.B.; Levanti, G.; Mina, A.; Picone, PM. Interorganizational Network and Innovation: A Bibliometric Study and
Proposed Research Agenda. . Bus. Ind. Mark. 2015, 30, 354-377. [CrossRef]

Ozmel, U.; Yavuz, D.; Reuer, ].J.; Zenger, T. Network Prominence, Bargaining Power, and the Allocation of Value Capturing
Rights in High-tech Alliance Contracts. Organ. Sci. 2017, 28, 947-964. [CrossRef]

Huang, C.; Wang, Y. Evolution of Network Relations, Enterprise Learning, and Cluster Innovation Networks: The Case of the
Yuyao Plastics Industry Cluster. Technol. Anal. Strateg. Manag. 2018, 30, 158-171. [CrossRef]

Pan, X.; Guo, S.; Li, M.; Song, J. The Effect of Technology Infrastructure Investment on Technological Innovation—A Study Based
on Spatial Durbin Model. Technovation 2021, 107, 102315. [CrossRef]

Liu, W.; Atuahene-Gima, K. Enhancing Product Innovation Performance in a Dysfunctional Competitive Environment: The Roles
of Competitive Strategies and Market-Based Assets. Ind. Mark. Manag. 2018, 73, 7-20. [CrossRef]

Xie, X.; Zeng, S.; Zang, Z.; Zhou, H. Identifying the Factors Determining Cooperative Innovation Effect in Emerging Economies:
Evidence from Chinese Firms. Chin. Manag. Stud. 2017, 11, 366-386. [CrossRef]

Lin, R; Xie, Z.; Hao, Y.; Wang, J. Improving high-tech enterprise innovation in big data environment: A combinative view of
internal and external governance. Int. J. Inf. Manag. 2020, 50, 575-585. [CrossRef]

Xie, ].P; Kong, HW,; Liang, L.; Wang, H.Y. Governance Factor Mechanism of Independent Innovation S&T Platforms: A Qualita-
tive Study of the Grounded Theory. J. Shanghai Univ. Financ. Econ. 2019, 21, 64-80.

Berardo, R.; Fischer, M.; Hamilton, M. Collaborative governance and the challenges of network-based research. Am. Rev. Public
Adm. 2020, 50, 898-913. [CrossRef]

Antivachis, N.A.; Angelis, V.A. Network Organizations: The Question of Governance. Procedia-Soc. Behav. Sci. 2015, 175, 584-592.
[CrossRef]

Lupova-Henry, E.; Dotti, N.F. Governance of Sustainable Innovation: Moving beyond the Hierarchy-Market-Network Trichotomy?
A Systematic Literature Review Using the "‘Who-How-What’ Framework. J. Clean. Prod. 2019, 210, 738-748. [CrossRef]

Schulz, T; Lieberherr, E.; Zabel, A. Network Governance in National Swiss Forest Policy: Balancing Effectiveness and legitimacy.
For. Policy Econ. 2018, 89, 42-53. [CrossRef]

Durose, C.; Justice, J.; Skelcher, C. Governing at arm’s length: Eroding or enhancing democracy? Policy Politics 2015, 43, 137-153.
[CrossRef]

Larsson, O. A Theoretical Framework for Analyzing Institutionalized Domination in Network Governance Arrangements. Crit.
Policy Stud. 2019, 13, 81-100. [CrossRef]

Provan, K.G.; Kenis, P. Modes of network governance: Structure, management, and effectiveness. J. Public Adm. Res. Theory 2008,
18, 229-252. [CrossRef]

Serensen, E.; Torfing, ]. Making governance networks effective and democratic through metagovernance. Public Adm. 2009, 87,
234-258. [CrossRef]

Cui, R. Roles of University, Local Government and Industry Played in the Innovation Network Building and Governance of
Dutch University Anchored Science Park. Master’s Thesis, Delft University of Technology, Delft, The Netherlands, 28 May 2020.
Bai, O.; Yang, X.; Chen, R. Intermediary Relational Governance and Service Innovation Network Performance. Acad. Manag. Proc.
2018, 2018, 11908. [CrossRef]

Turyahikayo, W. Influence of Network Governance on Innovation Behavior of Actors in Kiboga-Kyankwanzi Innovation Platform
in Uganda. Master’s Thesis, Makerere University, Kampala, Uganda, 23 April 2022.

Glaser, B.G.; Strauss, A.L. The Discovery of Grounded Theory: Strategies for Qualitative Research; Aldine Publishing Company:
New York, NY, USA, 1967.

Alvarez, S.A.; Busenitz, L.W. The entrepreneurship of resource-based theory. J. Manag. 2001, 27, 755-775. [CrossRef]

Koka, B.R.; Prescott, ].E. Strategic alliances as social capital: A multidimensional view. Strateg. Manag. . 2002, 23, 795-816.
[CrossRef]


http://doi.org/10.3390/ijerph19010130
http://doi.org/10.1080/17538963.2020.1840014
http://doi.org/10.1016/j.spasta.2021.100566
http://doi.org/10.1016/j.technovation.2018.05.005
http://doi.org/10.1287/mnsc.2015.2231
http://doi.org/10.1108/JKM-04-2013-0150
http://doi.org/10.1108/JBIM-02-2013-0032
http://doi.org/10.1287/orsc.2017.1147
http://doi.org/10.1080/09537325.2017.1297786
http://doi.org/10.1016/j.technovation.2021.102315
http://doi.org/10.1016/j.indmarman.2018.01.006
http://doi.org/10.1108/CMS-01-2017-0013
http://doi.org/10.1016/j.ijinfomgt.2018.11.009
http://doi.org/10.1177/0275074020927792
http://doi.org/10.1016/j.sbspro.2015.01.1241
http://doi.org/10.1016/j.jclepro.2018.11.068
http://doi.org/10.1016/j.forpol.2016.10.011
http://doi.org/10.1332/030557314X14029325020059
http://doi.org/10.1080/19460171.2017.1393440
http://doi.org/10.1093/jopart/mum015
http://doi.org/10.1111/j.1467-9299.2009.01753.x
http://doi.org/10.5465/AMBPP.2018.11908abstract
http://doi.org/10.1177/014920630102700609
http://doi.org/10.1002/smj.252

Sustainability 2022, 14, 7589 24 of 24

34.

35.
36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.
56.

Mazzola, E.; Perrone, G.; Kamuriwo, D.S. Network embeddedness and new product development in the biopharmaceutical
industry: The moderating role of open innovation flow. Int. J. Prod. Econ. 2015, 160, 106-119. [CrossRef]

Jeffries, EL.; Reed, R. Trust and adaptation in relational contracting. Acad. Manag. Rev. 2000, 25, 873-882. [CrossRef]

Silva, M.; Moutinho, L.; Coelho, A.; Marques, A. Market Orientation and Performance: Modelling a Neural Network. Eur. J. Mark.
2009, 43, 421-437. [CrossRef]

Chen, K.; Zhang, Y.; Zhu, G.; Mu, R. Do Research Institutes Benefit from Their Network Positions in Research Collaboration
Networks with Industries or/and Universities? Technovation 2020, 94, 102002. [CrossRef]

Zhao, ].B.; Yang, Z.N.; Wang, Y.H. The Impact of Policy-making on Innovation Performance in Industrial Clusters: An Empirical
Research on Science Parks in China. Sci. Res. Manag. 2012, 33, 11-17+78.

Park, S.; Bae, Z. New Venture Strategies in a Developing Country: Identifying a Typology and Examining Growth Patterns
through Case Studies. J. Bus. Ventur. 2004, 19, 81-105. [CrossRef]

Zhou, S; Siu, F; Wang, M. Effects of social tie content on knowledge transfer. J. Knowl. Manag. 2010, 14, 449-463. [CrossRef]
Manev, I.M.; Stevenson, W.B. Nationality, cultural distance, and expatriate status: Effects on the managerial network in a
multinational enterprise. J. Int. Bus. Stud. 2001, 32, 285-303. [CrossRef]

Bruyaka, O.P. Alliance Partner Diversity and Biotech Firms’s Exit: Differing Effects on Dissolution vs. Divestment. Acad. Manag.
Proc. 2017, 2008, 1-6. [CrossRef]

Chuang, C.H.; Jackson, S.E.; Jiang, Y. Can Knowledge-Intensive Teamwork Be Managed? Examining the Roles of HRM System:s,
Leadership, and Tacit Knowledge. J. Manag. 2016, 42, 524-554. [CrossRef]

Jackson, S.E.; Chuang, C.H.; Harden, E.E; Jiang, Y. Toward Developing Human Resource Management Systems for Knowledge-
Intensive Teamwork. In Research in Personnel and Human Resources Management; Martocchio, J.J., Ed.; Emerald Group Publishing
Limited: Bingley, UK, 2006; Volume 25, pp. 27-70.

Hippel, E.V.; Krogh, G.V. Open Source Software and the “Private-Collective” Innovation Model: Issues for Organization Science.
Organ. Sci. 2003, 14, 209-223. [CrossRef]

Falci, C.; McNeely, C. Too many friends: Social integration, network cohesion and adolescent depressive symptoms. Soc. Forces
2009, 87, 2031-2061. [CrossRef]

Narver, J.C.; Slater, S.F.; Maclachlan, D.L. Responsive and Proactive Market-led and New Product Suces. |. Prod. Innov. Manag.
2004, 21, 334-347. [CrossRef]

Li, ].J. The Formation of Managerial Networks of Foreign Firms in China: The Effects of Strategic Orientations. Asia Pac. ]. Manag.
2005, 22, 423-443. [CrossRef]

Song, M.; van der Bij, H.; Weggenan, M. Factors for Improving the Level of Knowledge Generation in New Product Development.
R&D Manag. 2006, 36, 173-187.

Bell, G.G. Clusters, Networks, and Firm Innovativeness. Strateg. Manag. J. 2005, 26, 287-295. [CrossRef]

Ritter, T.; Gemiinden, H.G. The Impact of a Company’s Business Strategy on Its Technological Competence, Network Competence
and Innovation Success. J. Bus. Res. 2004, 57, 548-556. [CrossRef]

Dedeurwaerdere, T.; Melindi-Ghidji, P.; Sas, W. Networked innovation and coalition formation: The effect of group-based social
preferences. Econ. Innov. New Technol. 2018, 27, 577-593. [CrossRef]

Assis, J.A.B. External linkages and technological innovation:(some) topical issues. Int. |. Entrep. Innov. Manag. 2003, 3, 151-175.
[CrossRef]

Paredes-Frigolett, H.; Pyka, A. A model of innovation network formation. Innovation 2017, 19, 245-269. [CrossRef]

Yue, Z.M.; Zhao, S.K. Research Status and Trend of Innovative Network in China. Sci. Res. Manag. 2022, 43, 141-153.
Bachmann, R.; Inkpen, A.C. Understanding institutional-based trust building processes in inter-organizational relationships.
Organ. Stud. 2011, 32, 281-301. [CrossRef]


http://doi.org/10.1016/j.ijpe.2014.10.002
http://doi.org/10.5465/amr.2000.3707747
http://doi.org/10.1108/03090560910935505
http://doi.org/10.1016/j.technovation.2017.10.005
http://doi.org/10.1016/S0883-9026(02)00110-6
http://doi.org/10.1108/13673271011050157
http://doi.org/10.1057/palgrave.jibs.8490953
http://doi.org/10.5465/ambpp.2008.33622325
http://doi.org/10.1177/0149206313478189
http://doi.org/10.1287/orsc.14.2.209.14992
http://doi.org/10.1353/sof.0.0189
http://doi.org/10.1111/j.0737-6782.2004.00086.x
http://doi.org/10.1007/s10490-005-4118-8
http://doi.org/10.1002/smj.448
http://doi.org/10.1016/S0148-2963(02)00320-X
http://doi.org/10.1080/10438599.2017.1378163
http://doi.org/10.1504/IJEIM.2003.002226
http://doi.org/10.1080/14479338.2016.1276411
http://doi.org/10.1177/0170840610397477

	Introduction 
	Literature Review and Research Pathways 
	Analysis of the Mechanism of the Formation of the Innovation Network 
	The Market-Led Factors Include Resources, Returns, Risks, and Competition 
	Government Policy Guidance Factors 

	The Governance Mechanism of Innovation Networks 
	Research Gap Analysis 

	Grounded Analysis of the Governance Mechanism of Innovation Networks 
	Selection of Material 
	Selection of Target Parks 
	Data Collection 

	Grounded Theory and Analysis 
	Open Coding 
	Associative Coding 
	Coding Categorisation Check 
	Selective Coding 
	Theoretical Saturation Test 


	Empirical Test of the Mechanism of the Role of Science and Innovation Performance 
	A Conceptual Model of Performance Governance Mechanisms in Science and Innovation 
	Sample Selection and Data Collection 
	Variable Measurement 
	Reliability and Validity Tests 
	Empirical Testing 
	Correlation Test 
	The Main Effect, Moderating Effect Test 


	Conclusions 
	Research Conclusions 
	Relation between Subjects of the Innovation Network after Governing 
	Theoretical Insights 
	Management Insights 
	Research Perspectives 

	References

