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ABSTRACT This paper discusses the relationship among adaptive governance, loose coupling,
forward-looking strategies and responsible innovation, and constructs the influence relationship model of
"adaptive governance- loosely coupling- forward looking strategies- responsible innovation". Then we take
366 managers from middle management and above as well as the technical personnel of enterprises as
the investigation objects, and conduct empirical research by using the structural equation model (SEM).
The results show that: (1) adaptive governance has a significant positive impact on responsible innova-
tion; (2) loosely coupling partially mediates the effect of adaptive governance on responsible innovation;
(3) forward looking strategy partially mediates the effect of adaptive governance on responsible innovation;
(4) Loose coupling and forward-looking strategies play a chain mediating role in the relationship between
adaptive governance and responsible innovation.

INDEX TERMS Adaptive governance, loose coupling, forward-looking strategies, responsible innovation.

I. INTRODUCTION
Emerging technologies represented by nanotechnology,
transgenic technology, stem cell research, biomedical
technology, nuclear energy, robotics and military security
technology are regarded as controversial examples of tech-
nological innovation, which not only promotes industrial
development and social change but also cause concerns
about social control of technology and ethical safety among
research and policy levels[1]. Faced with the problems of
technological social control, ethical safety, etc. that have
arisen in innovation activities, governments of various coun-
tries have successively promulgated a series of policy mea-
sures to promote technological innovation. The EU has
referred the responsible innovation strategy in ‘‘Horizon
2020’’ 8th R & D framework plan’’, which discusses eth-
ical, legal and social factors in natural science and engi-
neering research [2]. The American government specially
released the ‘‘National Nano Plan Environmental, Health
and Safety Strategic Research Plan’’, emphasizing that the
nanoscience research projects must integrate environmental,
social, ethical and other factors [3]. Chinese ‘‘13th five-year
plan for scientific and technological innovation’’ advocates
responsible research and innovation, and urges enterprises
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to pay attention to social responsibilities such as ecological
protection and security in technological innovation activities
[4]. Davis considered that big data is an emerging technology.
While on the one hand, it provides convenience for our lives,
on the other hand, there will be information security issues
such as privacy leakage. Eden proposed that in the develop-
ment of information and communication technology, atten-
tion should be paid to the risk of privacy leakage, research
and innovation should be carried out responsibly, and the
acceptance of social ethics should be fully considered [5]. Xia
pointed out that genetic engineering and stem cell technology
are the emerging fields, which most likely to generate ethical
risks [6]. Ding pointed out that human embryonic stem cell
technology brings unavoidable ethical risks, and scientific
experts must carry out responsible innovation to reduce
the negative problems caused by innovation [7]. Therefore,
we must find a balance between innovation and ethical risks,
and impose ethical constraints on emerging technologies
technology [8]. As a new management paradigm, responsible
innovation means to change the existing innovation mode and
explore the future of innovation to make innovation meet the
social needs and ethical constraints, which is the inevitable
choice for society to achieve sustainable development [9].

However, companies need to pay more time and economic
costs to implement responsible innovation. Enterprises lack
the internal motivation to implement responsible innovation.
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Therefore, the government, an important external stakeholder
of a company, can promote the implementation of responsible
innovation. Developed countries put forward the idea of adap-
tive governance very early. In 1960, American scholar Arnold
Kaufman first proposed the concept of "participatory democ-
racy", marking the formation of adaptive governance. The
theory advocates solving public affairs issues through joint
discussion and negotiation of citizens. Citizens are not only
voters, but also managers of public affairs [10]. The Skefton
report in the United Kingdom pointed out that the participa-
tion of the private sector in public policy making can make
policies more flexible and sustainable [11]. After the idea of
adaptive governance was put forward, the conceptual frame-
work, ‘‘adaptive governance’’ has been applied in resource
commons management and other complex socioecological
systems by developed countries, and achieved great success
[12]. As a product in the context of aWestern developed coun-
try (mainly the United States and the European Union), few
scholars discuss responsible innovation in the context of other
countries. The theoretical reviews of adaptive governance are
mostly limited to developed countries, ignoring its discussion
in the context of developing countries. While in most devel-
oping countries, governance failures are themain impediment
to sustained economic development [13]. The traditional gov-
ernance mechanisms rely on intergovernmental negotiation
and rigid implementation. However, government may have
difficulties in combating the new global challenges that the
international community must confront. New governance
mechanisms must be explored and developed for policy coor-
dination within and across government boundaries [14]. For
example, during the COVID-19 pandemic, the government
faces huge challenges and risks. At this time, the govern-
ment should strengthen cooperation with the private sec-
tor. The government should discuss with the private sector
and face unknown risks and challenges together. Therefore,
we explore adaptive governance in the context of China,
establish a research framework for responsible innovation
based on adaptive governance, and discuss the effectiveness
of adaptive governance on responsible innovation.

Adaptive governance emphasizes that the right of
policy-making should be shared by the government and
all stakeholders. Enterprises, the main body of responsible
innovation, provide relevant technical knowledge for the
government in the process of policy-making [15]. However,
due to the different social functions of the government and
the enterprise, they will follow different principles in the
process of innovation governance. The government advocates
social interests as the main concern and tends to follow
the "prevention principle", which means that unless there is
sufficient evidence to prove that technological innovation is
safe, it should be assumed that it is dangerous; enterprises
tend to advocates economic interest as the main concern and
follow the "precautionary principle", which emphasizes that
unless there is sufficient evidence to prove that technological
innovation is dangerous, it should be assumed that it is safe
[16]. Therefore, how to coordinate the conflict of principles

and objectives in adaptive governance between government
and corporate has become the key to the impact of adaptive
governance on responsible innovation.

Loose coupling is a system based on trust. The elements
which have common goals and respective interests in the
system are independent units with external relations. In order
to achieve the goal of the system, each element should be
differentiated between the whole and the part. We should not
only pay attention to the internal efficiency of the elements,
but also focus on to the coordination and cooperation among
the elements, so as to keep the stable relationship among the
elements [17]. It can be concluded that the loose coupling
relationship between government and enterprises can coordi-
nate the differences of principles and objectives between them
in adaptive governance, so that they could reach an agreement
on the governance of science and technology ethics, and
promote the implementation of responsible innovation.

In addition, the change of government’s innovation
regulation behavior, one of the fundamental factors, affect
the strategic choice of enterprises [18]. Adaptive governance
not pursuits the efficiency of traditional governance, and
highlights the use of boosting policies to alleviate the short-
term contradictions between the government and enterprises,
so that both sides can reach an agreement on the sustainable
development strategy [15]. In order to achieve the long-
term strategic goal of sustainable development, enterprises
need to improve the prediction ability of future market
demand and social demand to meet their sustainable devel-
opment. Thence, this paper explores whether the effective-
ness of adaptive governance can affect the implementation
of responsible innovation by changing the strategic choice of
enterprises.

Therefore, this paper takes loose coupling and forward-
looking strategies as intermediary variables to construct a
conceptual model of "adaptive governance-loose coupling-
forward looking strategies- responsible innovation". Then we
analyze the impact of adaptive governance on responsible
innovation and the mediating role of loose coupling and
forward-looking strategies.

II. THEORETICAL BACKGROUND AND HYPOTHESIS
DEVELOPMENT
A. THEORETICAL BACKGROUND
1) ADAPTIVE GOVERNANCE
At the end of the 20th century, Holling et al. criticized
the top-down and efficiency oriented rigid management
mode. At the same time, they proposed adaptive manage-
ment and hypothesized that policies should be tested, learned
and improved according to the changing environment [19].
With the continuous development of adaptive management
in the field of public management, the dimension of cross
level communication has been added to the original dimen-
sions of learning and changing, and forming the concept
of adaptive governance [20]. Adaptive governance means
that both the government and stakeholders play an impor-
tant role in the policy-making process, which contributes
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to the formulation of adaptive, inclusive, people-oriented
and sustainable policies to ensure the clarity and accuracy
of legal policies [21]. Therefore, compared with traditional
regulation, the characteristic of adaptive governance can
encourage enterprises, suppliers and other stakeholders to
participate in the policy-making process and share public
and private resources in the process of policy development.
Under this circumstance, government can formulate sustain-
able and inclusive policy which is consistent with current
market environment and social environment based on the
current situation for industry.

Scholars have carried out research on adaptive governance
based on the negative externality of technology. Xue consid-
ered that adaptive governance has broken people’s perception
of traditional government supervision. It can respond to the
social risks and negative externalities caused by industrial
development [22]. Mark believed that adaptive governance
can effectively alleviate environmental pollution during the
innovation process [23]. Xue analyzed the effectiveness of
adaptive governance on responsible innovation from the per-
spectives of governance principles, governance relationships
and governance tools [24].

2) RESPONSIBLE INNOVATION
The United States first proposed the concept of ‘‘responsible
development’’ in the ‘‘Law on the research and development
of nanotechnology in the 21st century’’, which focus on
maximizing the positive significance of nanotechnology to
promote social progress while reducing the negative impact
of technological innovation in order to address the most
urgent social needs of the country [25]. Afterwards, the dis-
cussion about ‘‘responsible innovation’’ increased gradu-
ally. Scholars defined the concept of responsible innovation
from different perspectives. Van den Hoven focused on the
description of the concept of responsible innovation itself
by defining it as an activity or process, which leads to the
extension of unknown elements related to the physical world,
the conceptual world and the institutional world in the pro-
cess of innovation, so as to expand the set of cognition and
action selection [26]. Cavally paid attention to the internal
attributes and evaluation criteria of responsible innovation,
and believed that responsible innovation is a future oriented,
uncertain, complex and collective behavior, and that the
results of innovation need to effectively meet social, moral
and ethical needs [27]. Mei paid attention to the governance
and communication structure of responsible innovation, and
believed that responsible innovation is a transparent and inter-
active process, in which social actors and innovators take
responsibility for each other, so as to realize the moral accept-
ability, sustainability and social satisfaction of the innova-
tion process, making scientific and technological progress
embedded in social development [28]. Combined with the
existing research, this paper defines responsible innovation
in this way: in the early stage of innovation, enterprises and
other stakeholders participate in decision-making and predict
the impact of innovation on society. During the process of

innovation, based on the progress of R&D activities and the
goals set in the early stage, enterprises should reflect on their
own behavior to make sure that the innovation process and
results meet moral and social expectations, gradually achieve
scientific and technological progress and finally make scien-
tific and technological progress properly embedded in social
development.

In this paper, conceptual dimensions mean the general
framework for responsible innovation. Also, they help us
understand the depth of the concept. the term ‘‘dimension’’
(also refer to as feature, approach, key principle or aspect)
was used by several authors in the articles that were taken
into consideration for this review.

Various dimensions of RRI were found in the literature.
The European Commission describe six distinct dimensions
as follow: engagement, gender equality, science education,
ethics, open access and governance. Carsten concentrated
on the practical implementation of dimensions bringing on
actors, norms and activities [29]. Various researchers have
referred to previous dimensions, which were originally not
associated with RRI, e.g., the ones offered by Pellizzoni
(2004): liability, accountability, care and responsiveness [30].
Stilgoe listed four dimensions that had emerged during public
debates: anticipation, inclusion, reflexivity and responsive-
ness [9]. These dimensions were also included in the current
analysis. The literature review concentrated on both how the
dimensions were termed and described and how they emerged
and evolved in the academic discussion. The dimensions were
grouped: for example, the dimension ‘‘actors’’ by Carsten
[29] was grouped under ‘‘inclusion’’, or ‘‘transparency’’ by
Forsberg [31] was grouped under ‘‘responsiveness’’. Some
dimensions, e.g., gender equality and science education were
not analyzed in the current review because of little or almost
no discussion in the reviewed literature. At the end of the
analysis, four different conceptual dimensions were selected:
anticipation, inclusion, responsiveness, and reflexivity. The
four conceptual dimensions were chosen, as they appeared
clearly in the reviewed articles and were discussed and
elaborated on further [9].

a: INCLUSION
Responsible innovation regards innovation as a future-
oriented, uncertain and complex collective behavior. Inclu-
sion means that a larger scope of innovation subjects other
than scientists can discuss the scope of power, roles, division
of labor, and interdisciplinary collaboration [9]. In addition,
innovation subjects listen to the demands of stakeholders
in innovation activities, and realize the openness of inno-
vation activities. Studies have shown that the stakeholders
of responsible innovation mainly include governments and
policy makers at various levels, universities, research insti-
tutions and education groups, business organizations, non-
governmental organizations, civil organizations, innovative
users, and independent researchers [5]. In general, the basic
classification of stakeholders in responsible innovation activ-
ities is experts (including innovative planners, universities,
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research institutions and other innovative R&D executive
organizations), the public (including innovative users, inno-
vative social participants and Potential service targets, etc.),
policy makers (including various levels of government and
policy institutions, science and technology committees and
other innovative investment institutions, etc.)

b: ANTICIPATION
The anticipation of responsible innovation requires that the
moral and social satisfaction of new technologies needs to be
paid attention to in the early stages of technology develop-
ment [32]. Anticipation focus on describing and analyzing
potential unknown effects in order to build a flexible and
adaptive system. Under the consideration of social, environ-
mental, and ethical factors, innovation entities can effectively
deal with the unexpected results of research and innova-
tion, and form innovative "forward-looking governance" [33].
Under such a mechanism, technological innovators them-
selves need to drive problem-solving discussions based on
the results of the problem, and they are more concerned about
the conditions under which harm occurs or reoccurs. The first
condition for anticipation is to trigger technical and social
discussions in the early stages of innovation.

c: REFLEXIVITY
The reflexivity of responsible innovation means that there
is no standard path to follow for innovation and develop-
ment. It is necessary to recognize the cognitive limitations of
individuals and organizations, and form a mirror image of
the behaviors, commitments, assumptions and capabilities
of individuals and organizations [34]. Therefore, scientists
who are the subject of scientific and technological innovation
need to examine themselves as a part of a larger society and
understand the impact of their actions on social development.
Starting from the responsible innovation paradigm, the reflex-
ivity and cognitive framework of stakeholders is the premise.
reflexivity helps to achieve effective responses to occasional
negative events of technological innovation and control the
innovation process [35].

d: RESPONSIVENESS
The responsiveness of responsible innovation is the basic
ability of responsible innovation, which involves adjusting
behavior patterns when they feel insufficient knowledge
about innovation [36]. The responsiveness of responsible
innovation emphasizes that the subjects and governance of
innovation activities need to be established in an interactive,
continuous, and adaptive process, in order to achieve correct
guidance and real-time correction of innovation activities [9].

The responsible innovation framework is shown in
Figure 1.

3) LOOSE COUPLING
The term "coupling" was proposed in the field of physics.
It refers to the phenomenon of mutual influence and even
union in the dynamic relationship of interdependence, coor-
dination and mutual promotion under the positive interaction
of various elements [37]. After the coupling theory was put

FIGURE 1. Framework of responsible innovation.

forward in the field of physics, its connotation has been
extended. In the field of management, coupling refers orga-
nizations (two or more) or departments (two or more) make
each unit develop cooperatively through mutual penetration,
promotion and restriction under a certain rule, and realize
the overall strategic goal [38]. Loose coupling means that
the elements in the system not only keep consistent in the
macro strategic objectives through the relationship of mutual
promotion and mutual restriction, but also maintain the inher-
itance and independence of the elements themselves at the
micro level, and retain the conflicts between the elements,
so that the system has both independence and responsive-
ness [39]. Independence refers to whether the dependency
relationship among the parameters within each element can
be adjusted without being restricted by the dependency rela-
tionship between elements; responsiveness refers to that other
elements need to make adjustment according to the change of
any element in the system [40]. Loose coupling will appear
in the following four scenarios [41]: (1) There is a low
frequency of interaction between elements. If the interac-
tion between the elements is irregular and occasional, then
loose coupling is likely to occur. (2) There is an indirect
relationship between the elements. If the two organizations
communicate not directly, but through a third party. Then
it will reduce the ability to directly respond to each other’s
activities and form a loose coupling relationship. (3) There
are different explanations for the same causal link. Different
individuals and organizations will focus on different parts of
the environment and make different interpretations to sim-
ilar external stimuli, and then produce different responses.
(4) The existence of non-immediate effects, which means that
one element cannot respond while another element changes.
Compared with closely coupled, loose coupling has more
flexibility and diversity, which can better meet the dynamic
needs of context change and improve the stability of the
system [42].

Scholars have carried out research from the perspective
of employee level, enterprise level, and external enterprise.
Frandsen’s research found that a loosely coupling system in
an organization can enable employees to continue to dia-
logue and intervene in the implementation of strategies [43].
Lukka believed that the loose coupling between rules and
conventions is the reason for the management accounting
system to maintain change and stability in the organization
[44]. Newton proposed that using loosely coupled systems to
establish a framework to resolve conflicts between internal
and external stakeholders [45]. Then, scholars also discussed
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the relationship between loose coupling and responsible inno-
vation. Hofman believed that the degree of coupling of tech-
nology innovation network members significantly affects the
business performance, and loose coupling has a positive
impact on responsible innovation [39]. Sahaym believed that
organizations can form alliances and hire temporary workers
to achieve a higher degree of loose coupling and increase the
responsible innovation performance of enterprises [46].

4) FORWARD-LOOKING STRATEGIES
Forward-looking strategies mean the ability to predict future
market demand and social demand. This ability can lead the
same industry to launch new products or services, introduce
or improve new technologies, strategically withdraw from
mature or declining industries [47]. In the process of respon-
sible innovation, forward-looking strategies can be reflected
in two parts: anticipation and inclusion. Anticipation refers to
the early assessment of the subject value, social needs and risk
level of research in order to ensure that new products and ser-
vices can meet the future market demand and social demand;
inclusion means that research should attract research objects,
users, experts and other stakeholders participate widely, listen
to the views of different stakeholders on technological inno-
vation activities, improve the perception ability of enterprises,
and make the innovation process or innovative products meet
the social needs and ethical expectations in the dynamic
environment [48].

Some scholars focus on the relationship between forward-
looking strategies and innovation. shoham’s research on
193 export companies found that the forward-looking strate-
gies companies is positively correlated with their innovation
performance [49]. Miles found that forward-looking strate-
gies enable companies to maintain high flexibility for a long
time, and forward-looking strategies can promote the imple-
mentation innovation [50]. Jin believed that forward-looking
strategies will achieve breakthrough innovations by improv-
ing flexible, decentralized, and flat organizational structures.
And the implementation of innovation needs to be based on
this organizational structure [51]. With the rise of the concept
of responsible innovation, some scholars began to study the
relationship between forward-looking strategy and responsi-
ble innovation. Aragon believed that SMEs that implement
forward-looking strategies have higher practical flexibility,
organizational structure development, organizational consis-
tency, and promote the implementation of responsible inno-
vation [52]. Song pointed out that forward-looking strategic
can improve technical and IT capabilities, which can help
companies to achieve responsible innovation [53].

Previous studies have shown that adaptive governance,
loose coupling and forward-looking strategies are related
to responsible innovation. we infer that adaptive gover-
nance, loose coupling and forward-looking strategies are also
related. But few scholars put adaptive governance, loose
coupling, forward-looking strategies and responsible innova-
tion into a research framework. Therefore, we put adaptive
governance, loose coupling, forward-looking strategies and

responsible innovation into one research framework based on
previous scholars’ research. Then we verify the relationship
between adaptive governance and responsible innovation,
and reveal the role of loose coupling and forward-looking
strategies between adaptive governance and responsible
innovation.

B. HYPOTHESES
1) THE EFFECT OF ADAPTIVE GOVERNANCE ON
RESPONSIBLE INNOVATION
Polanyi scientific community proposed that enterprises often
lack self-examination of ethics and morality in innovation
activities, and the adaptive governance can keep eyes on this
issue to promote implementation of responsible innovation
[35]. Firstly, adaptive governance encourages enterprises to
participate in policy-making, so as to realize the transfor-
mation from almighty government to governance govern-
ment [54]. Enterprises’ participation in policy-making means
that both sides will share information on a certain technol-
ogy. After integrating government information, enterprises
can realize the government’s demand for social sustainable
development and technological ethics. Therefore, for the pur-
pose of pursuing legitimacy, companies will take economic
goals and social goals into consideration. When evaluat-
ing technological innovation efficiency, companies will not
only use technological advancement and economic growth
as evaluation criteria, but also consider the acceptability of
ethics and social needs [55]. That urges enterprises to think
moral and ethical issues over in the innovation process,
and promotes the implementation of responsible innovation.
Secondly, in the process of policy implementation, adaptive
governance accentuates that the government adopts boost
policies to accept the market behavior of enterprises. Under
these circumstances, policies can match the market environ-
ment of the industry in which the enterprise is located, and
coordinates the economic interests of the enterprise and the
government’s demand for public value [56]. It alleviates the
conflict between the government and the enterprise’s goals,
and weakens the enterprise’s worries about government inter-
vention to undermine the value of the enterprise [57]. In this
case, the goals of the enterprise and the government are very
consistent. The enterprise will take the initiative to implement
the science and technology ethics policies that have been
promulgated, fulfill the ethical and moral responsibilities
emphasized by the government, ensure the public value of
technological innovation, and promote the implementation of
responsible innovation [58]. Finally, for the sake of keeping
up with the exponentially changing technological develop-
ment trend, the government needs to monitor and evalu-
ate the implementation effect after the policy implemented
[59]. Adaptive governance underlines that the government
and enterprises should establish an interactive, continuous
and flexible adaptive learning process. When government
lacks professional knowledge, government will communi-
cate and negotiate with the enterprise to adjust the govern-
ment’s governance model, revise and improve the existing
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policies, and realize the institutional coupling of innovation
evolution process and social value response, and form a vir-
tuous circle and incentive mechanism for responsible innova-
tion. Then government will create a scientific and friendly
policy environment for responsible innovation, promotes
the implementation of responsible innovation [60]. Based
on the above analysis, this paper proposes the following
hypothesis:
Hypothesis 1: Adaptive governance has a significant

positive impact on responsible innovation.

2) THE INTERMEDIARY ROLE OF LOOSE COUPLING
BETWEEN ADAPTIVE GOVERNANCE AND RESPONSIBLE
INNOVATION
On the one hand, adaptive governance emphasizes that the
dynamic interaction between government and enterprises is
an important way to ensure the matching of governance and
innovation [24]. Adaptive governance enables the govern-
ment and enterprises to interact and learn in the policy formu-
lation process. The government provides policy support and
public resources for enterprises to ensure the smooth progress
of enterprise innovation activities; enterprises provide the
government with market information and professional tech-
nical knowledge to ensure that the government understands
technological risks and the probability of occurrence of the
risk, and help the government to set the regulatory threshold
[22]. It can be seen that both the government and enterprises
will respond appropriately to each other’s needs in order
to maintain the responsiveness between them, and promote
the formation of a loose coupling relationship between the
both sides. On the other hand, adaptive governance does not
blindly emphasize the control of risks, nor does it one-sidedly
pursue the optimization of efficiency and cost. More impor-
tantly, adaptive governance emphasizes diversity and win-
win, and incorporates two opposing independent goals at the
same governance state [61]. Adaptive governance incorpo-
rates the government and enterprises into a system to jointly
conduct policy-making discussions on scientific and techno-
logical ethics issues. Adaptive governance protects not only
the interests of enterprises and governments, respectively,
but also the interests of the whole [62]. Then loose cou-
pling relationship between the government and enterprises is
formed. Based on the above analysis, this paper proposes the
following hypothesis:
Hypothesis 2a: Adaptive governance has a significant

positive impact on loose coupling.
Loose coupling relationships are conducive to the

government’s delivery of fresh or heterogeneous information
and knowledge to enterprises [63]. The implementation
of responsible innovation requires companies to integrate
a variety of heterogeneous knowledge, form a multidis-
ciplinary knowledge system, break disciplinary barriers,
strengthen the integration of social sciences and natural
sciences, break through the separation of subjects in the
innovation process and the Colingridge’s dilemma, achieve
forward-looking governance, ensure the controllability of

technological development, and finally achieve responsible
innovation [64]. In addition, the loose coupling isolation
mechanism enables the government and enterprises to per-
ceive the external environment according to their own logic.
The government focuses on understanding public needs and
the sustainable development of society, and enterprises focus
on perceiving market demand and the economic benefits
brought by technological innovation activities [17]. Different
cognitive methods in the system help companies to con-
sider social, economic, environmental and moral factors in
technological innovation activities, analyze potential dangers
in technological innovation activities, deal with unexpected
results in the innovation process effectively, and promote
implementation of responsible innovation [65]. Based on the
above analysis, this paper proposes the following hypotheses:
Hypothesis H2b: Loose coupling has a significant positive

impact on responsible innovation.
Hypothesis H2: Loose coupling plays an intermediary role

between adaptive governance and responsible innovation.

3) THE INTERMEDIARY ROLE OF FORWARD-LOOKING
STRATEGIES BETWEEN ADAPTIVE GOVERNANCE AND
RESPONSIBLE INNOVATION
Adaptive governance regards policy formulation as a process
of continuous learning and experimentation by the govern-
ment. In this process, the government continuously revises
and evaluates policy objectives and practices, ensures policies
can be continuously improved with the development of sci-
ence and technology, and forms dynamic policy environment
[66]. Changes of the policy environment, a kind of objective
facts, that companies must face and adapt to, are driving
forces that force companies to take effective actions. There-
fore, in order to grab market share with competitors under
a dynamic policy environment, or to prevent new potential
competitors from entering the market [67], companies should
learn from the outside, predict market demand and social
needs, promote the enterprise’s ability to resist risks and
forward-looking strategies by taking the lead in improving
technological processes, develop new products, and change
the business strategy to cater to future policy trends [42].
In addition, the weak intervention of adaptive governance on
enterprises means that the government’s governance behavior
is tentative and directional. Companies can quickly learn
about the government’s attitude, and the government can
leave room for operation of the company, so that the com-
pany and the government can reach agreement on strategic
goals, and coordinate the short-term conflicts between the
government and the company [68]. In order to keep in line
with the long-term goals of the government, companies tend
to give up the short-term benefits brought by "low cost",
predict market demand, environmental changes and tech-
nological changes that may arise in the future, then adopt
appropriate and advanced business methods, pay attention
to the sustainable development of the company and form a
forward-looking strategies [69]. Based on the above analysis,
this paper proposes the following hypothesis:
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Hypothesis 3a: Adaptive governance has a significant
positive impact on forward-looking strategies.

Forward-looking strategies often encourage companies to
attract stakeholders such as customers, suppliers, policy mak-
ers, and domain experts to participate in forecasting activities,
and avoid emotional bias and technical limitations improve
their predictability of the external environment [70]. Players
gathered by the enterprise help the enterprise obtain various
information, knowledge, experience and methods related to
the goal, and understand the heterogeneous knowledge, back-
ground and values of the stakeholders, then they coordinate
the legality of knowledge and participation in technologi-
cal innovation activities, and promote the implementation
of responsible innovation [71]. In addition, the forward-
looking strategies often push companies to predict market
demand and social needs tomake companies become industry
leaders [47]. After enterprises predict market demand and
social demand, they will use existing information to predict
the unknown impact and consequences of the current enter-
prise research results, and then pre-evaluate the disciplinary
value, social needs, and risk level of innovative activities
to ensure innovation activities are under control. After that,
enterprises can guide scientific research activities in the direc-
tion of moral acceptance and social expectations, and pro-
mote the implementation of responsible innovation. Based
on the above analysis, this paper proposes the following
hypotheses:
Hypothesis H3b: Forward-looking strategies has a

significant positive impact on responsible innovation.
Hypothesis H3: The forward-looking strategies plays

an intermediary role between adaptive governance and
responsible innovation.

4) THE EFFECT OF LOOSE COUPLING ON
FORWARD-LOOKING STRATEGIES
The loose coupling relationship between the government and
the enterprise provides an opportunity for enterprises to learn
from the government [72]. There are two types of corporate
learning, one is error-correcting single-loop learning, and the
other is double-loop learning that corrects original goals.
The double-loop learning enables companies to learn the
government’s way of thinking, understand the government’s
next regulatory direction, and help companies reflect on the
status quo, so that companies can predict future market and
social needs based on the government’s regulatory direc-
tion, modify original objectives enable companies to seize
potential opportunities in a dynamic environment and form
forward-looking strategies [73]. In addition, the dominant
logic of the government and the enterprise in the loose cou-
pling relationship is different, and their processing mode
will also be different, so the system will show a diversified
state of information [16]. The diversification of information
provides enterprises with a sensitive perception mechanism,
enabling them to play a proactive role in market competition,
and making them discover potential risks in the market and
society before competitor [74]. Forward-looking strategies

FIGURE 2. The conceptual model.

often require large capital, material andmanpower investment
due to product development and market expansion, and the
returns are often uncertain, hence, companies that imple-
ment forward-looking strategies will face greater risks [75].
Therefore, the sensitive perception mechanism of the enter-
prise in the loose coupling relationship improves the enter-
prise’s ability to deal with risks in the implementation of the
forward-looking strategies, and promotes the formation of the
enterprise’s forward-looking strategies. Based on the above
analysis, this paper proposes the following hypothesis:
Hypothesis 4: Loose coupling has a significant positive

impact on the forward-looking strategies.
The conceptual model of this article is shown in Figure 2.

III. RESEARCH METHOD AND DATA SURVEY
A. SOURCE AND PROCESS OF QUESTIONNAIRE SURVEY
In this paper, questionnaire survey was used to collect data.
The respondents are middle-level and abovemanagers as well
as technical R&D personnel, both of which have a better
understanding of loose coupling, forward-looking strategies
and responsible innovation of enterprise and adaptive gover-
nance of the region where the enterprise is located. There are
two reasons for choosing middle-level and above managers
and technical R&D personnel. First, the innovation activities
of enterprises are mainly completed by technical R & D
personnel, who has a certain understanding of innovation pro-
cess and the establishment of management systems in tech-
nological innovation. Secondly, the middle-level and above
managers of an enterprise often have a better understanding
of the operation process of the enterprise; in order to ensure
the legitimacy of the organization, they will continue to pay
attention to the relevant policies on technological innovation.
In addition, we mainly sent questionnaires to biomedicine,
artificial intelligence, nanotechnology, nuclear energy and
other industries. We chose these rapidly innovating indus-
tries because emerging technologies have become the driving
force of social development, while moral issues such as food
safety, environmental pollution and social ethics gradually
emerged as well. People are beginning to recognize the two
sides of technological innovation.

This survey was conducted with two main preliminary
steps. First of all, with the assistance of companies that
cooperate with the research group and the university (mainly
concentrated in Heilongjiang, Jilin, Liaoning and other north-
ern regions of China), the companies participating in the
survey were determined. Second, we got in touch with the
presidents of alumni associations in Beijing, Hebei, Henan,
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Shandong, Shanghai, Zhejiang, Chongqing and obtained their
support. We selected the appropriate research company and
then contacted the target company to obtain their support
for the survey. The survey response method mainly involved
on-the-spot responses. Before conducting the survey, we
explained the relevant terms involved in the questionnaire,
then the respondents began to fill out the questionnaire
when they fully understood its relevant terms. For a small
number of people who found on-the-spot surveys inconve-
nient, we sent the prepared questionnaire to the respondents
by email, explained the terms appearing in the question-
naire through telephone communication and provided for
the questionnaire to be submitted within two weeks (for
those who did not submit on time, we urged them to sub-
mit twice, and for those who did not submit afterwards,
we gave up).

This survey started from October 2018 to May 2019. After
eight months, the data of middle-level and above managers
and technical R & D personnel from 187 enterprises were
finally collected. The industry includes pharmaceutical biol-
ogy, artificial intelligence, nanotechnology, nuclear energy
and other industries. A total of 500 questionnaires were
distributed in this survey. We removed two types of invalid
samples: first, the questionnaire was not completed, which
meant more than half of the items in a single variable were
not answered; second, the questionnaire that was suspected to
not be answered seriously, which mainly manifested in obvi-
ously regular answers. Finally, 366 valid questionnaires were
collected from 187 companies, and the effective recovery rate
was 73.2%. Refer to the appendix for statistical information
of valid samples.

B. VARIABLE MEASUREMENT
The measurement of variables involved using a Likert 5-scale
to compare the four aspects of enterprise adaptive gover-
nance, loose coupling, forward-looking strategies and respon-
sible innovation with the same industry. Scoring from 1 to 5,
where ‘‘1’’ means ‘‘very disagree’’, ‘‘5’’ means ‘‘very agree’’,
and so on. The interviewees evaluated the current situation
of their enterprises according to their subjective perceptions.
The scale design is shown in Table 1.

IV. RESULTS
A. THE RESULTS OF THE MEASUREMENT MODEL
1) RELIABILITY AND VALIDITY TEST RESULTS
In this paper, Cronbach’s α coefficient was used to test the
reliability of the questionnaire. The Cronbach’s α coefficients
of all variables were between 0.755–0.842, all of which were
greater than 0.7. The CITC (Corrected Item-Total Correla-
tion) was greater than 0.4, indicating that the reliability of
the questionnaire was good [78]; the factor load was greater
than 0.6, variance interpretation was greater than 50% and
the KMO (Kaiser-Meyer-Olkin) value was greater than 0.7,
all of which indicated that the validity of the questionnaire
was good. The reliability and validity test results of specific
items are shown in Table 2.

2) VARIABLE DESCRIPTIVE STATISTICS AND RESULTS OF
HOMOLOGOUS VARIANCE
Since all variables involved in this study were reported by
a senior manager, the relationship between variables may
be affected by homologous bias. Therefore, in this study,
the correlation coefficient between test variables was used to
test the homologous deviation of data. The largest correlation
coefficient between variables was 0.707, obviously less than
0.9, which indicates that there was no obvious homologous
deviation in the survey data, which can be used for further
data analysis and hypothesis testing. Specific statistics are
shown in Table 3.

B. TEST RESULTS OF SEM
This paper used AMOS 17.0 to measure ‘‘adaptive
governance–loose coupling (forward-looking strategies)–
responsible innovation’’, and the results are shown in
Figure 3. The model fitting index all met the requirements
and indicated that the model has good fitness.

From Figure 3, we can see that CMIN / DF is 1.595 < 5;
GFI, AGFI, CFI are all greater than 0.9; PGFI is 0.686> 0.5;
RMSEA is 0.04 < 0.08; RMR is 0.03 < 0.05. The results
show that the fitting degree of the model is good [79].

From Table 4, we can see that the standardized path of the
impact of adaptive governance on responsible innovation is
0.197, and had a p-value greater than p < 0.05, indicating
that adaptive governance has a significant positive impact
on responsible innovation. In other words, hypothesis H1 is
supported. In addition, the standardized impact of adaptive
governance on loose coupling is estimated to be 0.629, and
had p < 0.01, indicating that adaptive governance has a
significant positive impact on loose coupling. In other words,
hypothesis H2a is supported. While the standardized path of
loose coupling on responsible innovation is 0.442, and had p
< 0.01, indicating that the loose coupling has a significant
positive impact on responsible innovation. In other words,
hypothesis H2b is supported. Based on the above analy-
sis, adaptive governance has a significant positive impact
on the loose coupling, and loose coupling has a significant
positive impact on responsible innovation, which provides
the basis for the next step to test the mediation effect of
loose coupling. The standardized impact of adaptive gover-
nance on forward-looking strategies is estimated to be 0.301,
and had p < 0.01, indicating that adaptive governance has
a significant positive impact on forward-looking strategies.
In other words, hypothesis H3a is supported. While the stan-
dardized path of forward-looking strategies on responsible
innovation is 0.206, and had p < 0.05, indicating that the
forward-looking strategies has a significant positive impact
on responsible innovation. In other words, hypothesis H3b is
supported. Based on the above analysis, adaptive governance
has a significant positive impact on the forward-looking
strategies, and forward-looking strategies has a significant
positive impact on responsible innovation, which provides
the basis for the next step to test the mediation effect of
forward-looking strategies. Furthermore, the standardized
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TABLE 1. The design of the variable scale

TABLE 2. The reliability and validity test of the scale

TABLE 3. The mean, standard deviation of the variables and the correlation coefficient between the variables

path of the impact of loose coupling on forward-looking
strategies is 0.393, and had p < 0.01, indicating that loose

coupling has a significant positive impact on forward-looking
strategies, which provides the basis for the next step to test
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FIGURE 3. The influence relationship model of adaptive governance, loose coupling, forward-looking strategies and
responsible innovation.

TABLE 4. SEM standardized path coefficients and significance

TABLE 5. comprehensive effect of adaptive governance and responsible innovation

chain mediating effect in the relationship between adaptive
governance and responsible innovation.

C. TEST RESULTS OF MEDIATION EFFECT
Compared with the step-by-step test and Sobel test, the
trust interval method using bootstrap technology is a more
powerful test method. By using the trust interval method of
bootstrap technology, it is easy to get the results of robustness
analysis, which overcomes the problems of low ability and
biased test results associated with the step-by-step test and
Sobel test. Therefore, this paper used bootstrap technology
to repeatedly sample 2000 times and set a 95% confidence
interval to test the mediation effect of promotion focus. The
inspection results are shown in Table 5.

First, we test whether there is a mediating effect between
the two variables. The test results are shown in Table 5.
The results show that the confidence interval of adaptive
governance and responsible innovation does not contain 0,
and the z value is greater than 1.960. Both the total effect and

indirect effect between adaptive governance and responsible
innovation exist, and direct effect is significant. Therefore,
we can conclude that there is a mediating effect between
adaptive governance and responsible innovation.

Then, we verify the mediating effect of loose coupling and
forward-looking strategies between adaptive governance and
responsible innovation separately. According to the concep-
tual model, there are three intermediary paths between adap-
tive governance and responsible innovation. The first path is
that adaptive governance influences responsible innovation
through loose coupling; the second path is that adaptive gov-
ernance influences responsible innovation through forward-
looking strategies; the finally path is that adaptive governance
influences responsible innovation through the chain mediat-
ing formed by forward-looking strategies and loose coupling.

The total indirect effect of adaptive governance on
responsible innovation exists. Whether loose coupling and
forward-looking strategies play the role of an intermediary,
respectively, needs further verification.
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TABLE 6. Mediating effects of loose coupling and forward-looking strategies

TABLE 7. The mediating role of forward-looking strategies between adaptive governance and responsible innovation

According to the test method proposed by MACKINNON,
the Prodclin2 program is used to calculate the specific indi-
rect effects of loose coupling and forward-looking strategies
to test whether there are indirect effects. The results are shown
in Table 6.

It can be seen from Table 6, the calculation results of Prod-
clin2 show that when loose coupling and forward-looking
strategies play the role of intermediary variable, their con-
fidence intervals do not contain 0, indicating that both
variables have indirect effects. That is, loose coupling
and forward-looking strategies can play the mediating
role between adaptive governance and responsible innova-
tion respectively. Then hypothesis 2 and hypothesis 3 are
supported.

Next, we test the chain mediation effect of loose coupling
and forward-looking strategies. The test results are shown
in Table 7.

Table 7 shows the results of Bootstrapping test. The con-
fidence interval of loose coupling and responsible innovation
does not contain 0, and the z value is greater than 1.960, indi-
cating that the total effects, indirect effects and direct effects
of the relationship between loose coupling and responsible
innovation exist and the results are significant. Hence, we can
conclude that the forward-looking strategies has a mediating
effect between loose coupling and responsible innovation.

Based on these inferences, adaptive governance can affect
responsible innovation not only through mediating effects of
loose coupling and forward-looking strategies, respectively,
but also through the intermediary chain formed by loose cou-
pling and forward-looking strategies. Therefore hypothesis
4 is supported.

From the above discussion, we have come to the fol-
lowing conclusions: firstly, by testing the SEM consist-
ing of four variables: adaptive governance, loose cou-
pling, forward-looking strategies and responsible innovation,
we can see that hypothesis 1, hypothesis 2a, hypothesis 2b,
hypothesis 3a, hypothesis 3b is supported; secondly, we used

TABLE 8. The summary of hypothesis test results

bootstrap technology to repeatedly sample 2000 times and
set a95% confidence interval to test the mediation effect of
loose coupling and forward-looking strategies, which showed
that hypothesis 2, hypothesis 3 and hypothesis 4 is supported.
These results are shown in Table 8.

V. DISCUSSION
This paper focuses on the ethical and moral issues
of technological innovation. We explore the relationship
between adaptive governance, loose coupling, forward-looking
strategies and responsible innovation. This article uses a
survey of 187 companies in Heilongjiang, Jilin, Liaoning,
Beijing and Shanghai to obtain 366 valid data. Then the
data were analyzed by the SEM and trust interval method.
The research results show that adaptive governance has a
significant positive impact on responsible innovation. Adap-
tive governance guarantees the public value of technological
innovation in the policy formulation stage, policy imple-
mentation stage and policy feedback stage to promote the
implementation of responsible innovation. In addition, loose
coupling and forward-looking strategies play a part of the
mediating role between adaptive governance and responsible
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innovation respectively. On the one hand, the characteristics
of independence and responsiveness between the government
and the enterprise in the adaptive governance process help
to form a loose coupling relationship between the govern-
ment and the enterprise. Then the loose coupling relation-
ship is conducive to the delivery of fresh or heterogeneous
information and knowledge by the government to enter-
prises, breaking through the separation of disciplines in the
innovation process, and promoting the implementation of
responsible innovation. Finally, loose coupling and forward-
looking strategies play a chain intermediary role between
adaptive governance and responsible innovation. Loose cou-
pling relationships provide companies with an opportunity
to learn from the government, enable them to understand
the government’s next regulatory direction, seize potential
opportunities, discover market and social needs ahead of
competitors, and form forward-looking strategies. The fol-
lowing summarizes the theoretical contribution and practical
significance of this research, as well as the limitations of this
research.

A. THEORETICAL CONTRIBUTIONS
Responsible innovation is an important subject in the field of
technological innovation. In the past, scholars analyzed the
practical applicability of adaptive governance to responsible
innovation through theoretical analysis. However, they did
not use objective actual data to verify the conclusion. On the
basis of verifying the conclusions of Xue [22], [24], Mark
[23], we use SEM to empirically verify the positive impact of
adaptive governance on responsible innovation, and provide
a theoretical basis for the government’s choice of behavior.

In addition, this paper further explores the mechanism
of adaptive governance affecting responsible innovation.
In existing studies, scholars have verified the relationship
between adaptive governance and responsible innovation
[23], the relationship between loose coupling and responsi-
ble innovation [46], and the relationship between forward-
looking strategies and responsible innovation [52], [53].
Through the "adaptive governance-loose coupling- forward
looking strategies- responsible innovation" model, we also
confirmed the conclusions of Mark, Hofman, Sahaym,
Aragon, Song. We further explored the mediating role of
loose coupling and forward-looking strategies between adap-
tive governance and responsible innovation, and revealed
the specific path of adaptive governance acting on responsi-
ble innovation, enriching the theoretical basis of responsible
innovation.

B. PRATICAL CONTRIBUTIONS
As the government they can introduce the idea of crowdsourc-
ing legislation to allow the public to participate in legislative
decision-making, improve the agility and transparency of
technological innovation governance by integrating public
knowledge or information. For example, the Finnish gov-
ernment has established a Kokeitun Paikka digital platform
to connect the government and the public. The public can

not only provide opinions, but also propose draft legislation,
examine the effects of policy implementation, and modify
existing laws and policies. Secondly, the government and var-
ious stakeholders (especially enterprises) share data, establish
connections between IT systems, and ensure the symme-
try of information between the government and enterprises,
so that the government can understand the expertise and
potential risks of a certain technology, make governance
decisions more accurately and faster. Finally, the government
guides companies to conduct self-regulation. For example,
in a certain industry, in order to create a stable regulatory
environment, companies formulate market entry conditions,
technical standards, production safety regulations and social
obligations, etc. by themselves, so that companies will inter-
nalize ethical behaviors, and weak government interventions
will produce stronger power.

As the companies, they try to use a certain technology as
the core, and discuss with the government in formulating
policies. In the process of discussion, the government and
enterprises should establish standardized, strong interdepen-
dence and centralized management systems in their coop-
eration process, and realize the connection between them.
At the same time enterprises should maintain their own logic
to ensure the diversification of information in the system, and
make science and technology ethics policies meet the needs
of enterprises and society. After the policy is formulated, the
enterprise should withdraw automatically; the government
and the enterprise should terminate cooperation immediately,
and finally the temporary "flexible community" is quickly
dissolved.

What’s more, the companies should form complex
adaptive mechanisms such as self-organized learning,
independent innovation and flexible collaboration to
enhance the company’s ability to predict market demand
and form forward-looking strategies. Secondly, create a
multi-disciplinary comprehensive corporate atmosphere,
encourage multi-disciplinary theories, cross-disciplinary per-
sonnel exchanges and cooperation, attract the inflow of
multi-disciplinary talents, make corporate knowledge diver-
sified, and improve the company’s ability to perceive mar-
ket or social needs, and then promote the formation of
forward-looking strategies.

C. LIMITATIONS AND FUTURE RESEARCH
This study also has some shortcomings: On the one hand,
the data source of this article comes fromChinese companies.
Therefore, the research conclusions are more universal to
Chinese companies. In future research, we try our best to
investigate companies in other countries, and conduct com-
parative studies according to the different circumstances of
each country. On the other hand, the relationship between
adaptive governance and responsible innovation is not studied
separately for different industry characteristics. Therefore,
a large number of questionnaire surveys can be conducted
in the future, and related theories of responsible innovation
can be explored according to the characteristics of different
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TABLE 9. The Statistics of valid samples

industries, and the practical value of the theory of responsible
innovation can be enhanced.

VI. CONCLUSION
This study explored the relationship between adaptive
governance, loose coupling, forward-looking strategies and
responsible innovation. It analyzed the notable impact of
adaptive governance and responsible innovation. In addition
to this, this research also demonstrated the intermediary effect
produced by loose coupling and forward-looking strategies
on the relationship between adaptive governance and respon-
sible innovation. The conclusions of this study are as follows:
(1) adaptive governance has a significant positive impact on
responsible innovation; (2) loosely coupled partiallymediates
the effect of adaptive governance on responsible innovation;
(3) forward looking strategy partially mediates the effect of
adaptive governance on responsible innovation; (4) Loose
coupling and forward-looking strategies play a chain mediat-
ing role in the relationship between adaptive governance and
responsible innovation.
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