
Citation: Yang, X.; Liu, C.; Lan, J.

Sustainable Technology Diffusion

Manufacturing Outwards FDI Firms:

Evidence from China Using

Numerical Simulation Methods.

Sustainability 2023, 15, 3108.

https://doi.org/10.3390/su15043108

Academic Editors: Ojonugwa Usman,

Godwin Olasehinde-Williams and

Mehmet Balcilar

Received: 29 December 2022

Revised: 31 January 2023

Accepted: 5 February 2023

Published: 8 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Sustainable Technology Diffusion Manufacturing Outwards
FDI Firms: Evidence from China Using Numerical
Simulation Methods
Xiaohua Yang 1,* , Cheng Liu 2,* and Jingling Lan 1

1 School of Economics and Management, Hubei Circular Economy Development Research, Hubei University of
Technology, Wuhan 430068, China

2 School of Economics and Management, Nanjing University of Science and Technology, Nanjing 210094, China
* Correspondence: 20190036@hbut.edu.cn (X.Y.); liucheng@njust.edu.cn (C.L.);

Tel.: +86-15827089695 (X.Y.); +86-18371894378 (C.L.)

Abstract: Technology diffusion plays an important role in the improvement of technological inno-
vation capabilities and can provide strong support for sustainable economic development. This
paper aims to analyze the influence mechanism of technology diffusion on sustainable develop-
ment, such as the initial investment willingness, technology spillover effects and absorptive capacity,
technology transfer prices and intellectual property protection, government subsidy support and
penalties. However, there is a lack of systemic game mechanism and numerical simulation methods
for heterogeneous enterprises. Based on the government, OFDI companies, and domestic companies
that are not involved in FDI, we have proposed the evolutionary game model for technology diffusion
on sustainable development. The results show that: (1) The government, OFDI firms, and domestic
firms are influenced by each other’s initial willingness to a different extent; (2) Different combinations
of technology spillover and absorptive capacity lead to different sustainable evolution results of
technology diffusion; (3) Reasonable technology transfer pricing and enhancing the protection of
property rights can improve the efficiency of the technology diffusion sustainable development
system; (4) Both financial support and penalties encourage technology diffusion sustainable develop-
ment, but excessive financial support reduces the government’s willingness to participate ultimately.
Therefore, this paper proposes that the government should increase its willingness to participate and
increase punishment for unreasonable pricing behaviors. The stronger the stimulus effect of OFDI
firm technology spillover and domestic firm absorptive capacity, the stronger the stimulus effect;
however, there is a certain threshold effect, at the same time increasing the property rights protection
of OFDI firms and the penalties for opportunistic behaviors of domestic firms, and establishing a
diversified financial support policy, will increase the efficiency of the technology diffusion sustainable
development system.

Keywords: technology diffusion; evolutionary game; OFDI firms; domestic firms

1. Introduction

In today’s economic globalization, technological progress and innovation are the driv-
ing forces of a country’s sustainable economic development. In addition to relying on
its own independent research and development to achieve technological innovation and
upgrading, a country can also fully absorb and use foreign advanced technology to pro-
mote industrial sustainable development through external acquisition. This is particularly
important for the vast majority of developing countries, where the natural endowment of
technological elements is insufficient and enterprises lack the core technologies on which
to survive and thrive. OFDI enterprises obtain the spillover of advanced technologies from
technologically developed countries through direct foreign investment, and realize the
common upgrading of corresponding industries through localization diffusion, but in order
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for this process to achieve sustainable development if this is possible, the question of how
OFDI enterprises, local enterprises, and government participants should make decisions
needs to be explored.

In recent years, as the largest developing country, China’s outward direct investment
scale has grown rapidly, and according to data from the State Administration of Foreign
Exchange of China, as of the end of 2021, the outward direct investment position was
about 2.6 trillion US dollars, an increase of 5.82 times that of 2011, which promoted China’s
own technological upgrading, an iteration of the technological spillover effect of outward
direct investment, which provided strong support for China to accelerate the sustainable
development of building an innovative country. Technology diffusion refers to the spread
of technology from technologically developed enterprises to technologically backward
enterprises, the technological gap between different enterprises is a prerequisite of tech-
nology diffusion because the technological development level of China’s local enterprises
is relatively low, the technical level of OFDI enterprises is relatively advanced, so it is
important to enhance the innovative and sustainable development of local enterprises
through OFDI enterprises to local enterprises to diffuse advantageous technology.

Scholars have produced rich research results on the analysis of the influencing factors
of technology diffusion in subdivided fields. Rao K U et al. conducted a theoretical
analysis of the diffusion of renewable energy technologies and found that the diffusion of
renewable technologies is driven back by policy and incentive factors [1]. Li Yuhua, Gao
Yang and Hu Yaoying studied the influencing factors of technology diffusion in complex
product systems based on the structural equation model, and found that the company’s
own R&D capabilities, external environment and the complexity of the technology itself
have a profound impact on technology diffusion [2]. Oluwasola Oni et al. found that the
ability of SMEs in the broadband Internet industry to recognize and understand broadband
technology in the process of technology diffusion determines the diffusion of broadband
technology [3]. When the international technology gap is too large, it is difficult for
“going out” enterprises to obtain new technologies through technology diffusion, and
cannot achieve technology feedback on domestic enterprises; only when the TFP ratio
between China and the host country is at a reasonable range can there be significant reverse
technology spillovers [4]. Huang Xaoli and Huang Xiaohua pointed out that the financial
efficiency of China plays a positive role in the overflow effect of OFDI’s reverse technology.
In the subregion analysis, they found that there are significant differences in the impact of
financial development on technological spillovers across regions [5].

Some scholars took into account the empirical model of the emergence of government
as an influencing factor in the effect of technology diffusion, and affirmed the positive role of
government. Song Yingjie and Li Zhongdong used the ordered Probit model to empirically
test the influence of government on the diffusion of quality and safety technologies in
agricultural products, and found that government regulation plays an active role in multiple
stages of the diffusion of quality and safety technologies [6]. When Wu Zhongsheng and
Liu Qin established a competition model to analyze the impact of government behavior on
the diffusion of XBRL technology, they found that government intervention can promote
the diffusion of XBRL technology by improving the competitiveness of enterprises [7]. Xiao
Hanjie and Wang Hua discussed the diffusion of low-carbon environmentally friendly
technologies based on the evolutionary game model, and affirmed the incentive effect
of government policies on enterprise diffusion technologies [8]. Based on SIS theory, Li
Shuaichao analyzed the diffusion process of industrial clusters, affirmed that government
subsidies have a positive effect on the diffusion effect of quality technology innovation,
and the diffusion of quality technology innovation has a distance attenuation effect [9].

On the topic of the sustainable development of OFDI, scholars have also conducted
relevant research. Zhang Huiying and Liu Yikang believe that IP protection is conducive
to achieving the sustainable development of OFDI, that brain drain due to migration
has a negative effect on OFDI, and that strengthening IP protection cannot significantly
reduce the negative impact of brain drain [10]. The purpose of China’s outward investment
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has shifted from exploring natural resources and opening up more markets to acquiring
knowledge and innovation from foreign countries [11], and as the largest emerging market
in Asia, studying its OFDI motives is of great significance to the sustainable development of
OFDI in home countries [12]. Zhang Xiaoling et al. took the manufacturing industry in the
Jiangsu Province as an example to analyze the relationship between manufacturing sectors
in the process of outward direct investment, and made up for the gaps in research related
to the sustainable development of China’s outward direct investment from provincial
data [13]. Foreign scholars studied the intraregional interaction between outward direct
investment (OFDI), export trade and economic growth; they found that there is a causal
relationship between export trade and economic growth for outward direct investment [14].

The existing literature has a role in studying the technology diffusion of OFDI enter-
prises and local enterprises, but there are still some problems. On the one hand, the research
on the interaction between OFDI enterprises and local enterprises focuses on knowledge
transfer and knowledge sharing, while there are few related studies on the sustainable
development of technology diffusion, and there is little research on the passive diffusion
behavior of OFDI enterprises and the passive adoption behavior of local enterprises in the
process of technology diffusion sustainable development. On the other hand, the existing
literature on the use of evolutionary game theory to study the interaction between OFDI
enterprises and local enterprises is mostly a two-party game, which does not consider
the regulating role of the government in the process of behavioral interaction, in fact, the
positive incentive and negative punishment of the government are important ways to make
the game evolve towards the optimal state.

The possible innovation of this paper is that by constructing a tripartite evolutionary
game model, including government, OFDI firms, and domestic firms, based on the bounded
rationality hypothesis, this paper studies the strategy selection evolution of the tripartite
subjects in the process of the technology diffusion sustainable development game, including:
(1)Based on the existing research, this paper studies the passive diffusion interaction and
passive adoption behavior of OFDI firms and domestic firms in the process of technology
diffusion sustainable development, which further enriches the research on the behavior
interaction between OFDI firms and domestic firms; (2) This paper extends the government
into the game system of technology diffusion sustainable development, analyzes the
regulation effect of government behavior on both sides’ technology diffusion sustainable
development, and provides corresponding countermeasures for the governance of OFDI
firms’ passive diffusion behavior and domestic firms’ negative adoption behavior.

The remainder of the article is organized as follows: literature review is in Section 2;
research methodology is in Section 3; result and figures are presented in Section 4; finally,
conclusions and policy recommendations are in Section 5.

2. Literature Review

Under the effect of reverse technology spillover, OFDI firms have greatly upgraded
their knowledge stock and structure, technological level and innovation ability comparison
with domestic firms [15,16]. Due to the comparatively low technical level, the homogeneous
competition of products is severe, which restricts the improvement of their innovation
ability to a great extent [17]. For example, the Jilin Changchun automobile industry cluster
fell into an innovation dilemma due to the simple replication and imitation of technology.
Domestic firms promoted by the Chint Group actively implement innovative technology to
the technologically leading OFDI firms, so as to improve their technical level and innovation
ability. OFDI firms, as technology advantages, have the motivation of active diffusion [18].
Firstly, due to the technical competitiveness among OFDI firms, they must diffuse the
advantageous technologies within a certain period of time in order to receive adequate
compensation for the cost of technology acquisition. Secondly, the technology spillover
effect also causes OFDI firms to grasp the best technology diffusion time. The domestic
firms’ imitation and innovation of technology from OFDI firms is an important way to
produce the technology spillover effect. Even with the protection of intellectual property
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rights, domestic firms can imitate the technology only by virtue of product appearance and
functional information. Therefore, the full value of the advantageous technology of the
OFDI firms will overflow and some will be absorbed by domestic firms, while domestic
firms acquire the technology through imitation and innovation at a relatively low cost.
Therefore, in order to avoid the risk of technology depreciation and technology spillover,
OFDI firms will actively spread advantageous technologies to domestic firms, which is
conducive to the cost compensation of OFDI firms and the technology upgrade of domestic
firms, so as to form a benign cooperation mechanism [19,20].

However, when OFDI firms actively diffuse advantageous technologies to domestic
firms, domestic firms may adopt them passively, that is, when OFDI firms actively diffuse
advantageous technologies, domestic firms choose opportunistic behavior, and the harm
degree of opportunistic behavior depends on the strength of property rights protection, this
behavior is detrimental to the sustainability of technology diffusion activities. Therefore,
there are two unsatisfactory states in the process of realizing the system optimization of the
active diffusion of advantageous technologies by OFDI firms and the active adoption of
advanced technologies by domestic firms. One is that OFDI firms actively diffuse while
domestic firms passively adopt, and the existence of opportunistic behavior will reduce
the initiative of subsequent technology diffusion of OFDI firms; the other is the passive
diffusion of OFDI firms and the active adoption of domestic firms. The technology spillover
effect of passive diffusion will not satisfactorily compensate for the technology acquisition
cost of OFDI firms [8]. At the same time, domestic firms cannot quickly realize technology
upgrading by imitation and innovation. In this regard, the government’s behavior can
regulate the behavior of OFDI firms and domestic firms. By supporting the behavior of
active diffusion and positive adoption, and punishing the behavior of passive diffusion
and negative adoption, we can restrict the behavior of both sides and keep the technology
diffusion activities in an ideal state [21].

Previous studies have verified the existence of reverse technology spillovers in enhanc-
ing the innovation level of OFDI firms. Arora and Lohani used national level data to verify
their presence through empirical analysis [22]. Chen, etc., found that firms in technologi-
cally backward countries can acquire innovative technology spillover from technologically
advanced countries by carrying out OFDI activities [23]. Fu Yuanhai and Chen Lishan, Sha
Wenbing and Li Ying and Li Hongya believe that OFDI firms’ overseas investment layout
and learning and absorbing overseas advanced technology are conducive to extending
market share [24–26]. On this basis, scholars have studied the influencing factors of OFDI’s
reverse technology spillover effect. ACS, Sanders, Sivak, etc., believe that human capital,
R&D output, property rights protection and absorptive capacity have heterogeneous effects
on spillover effects [27,28]. Many scholars, such as Herzer, Li Mei and Liu Shichang, Yang
Lianxing and Liu Xiaoguang, believe that national, regional and industrial differences will
also influence the spillover effect [29–31].

Through foreign direct investment activities, conglomerate corporations not only have
close ties with foreign firms, but also have domestic firms as their important partners.
Yang Chaojun, etc. Zhao Juan and Wei Zhimin, Mi Jie et al. believe that in order to
avoid the risk of technology depreciation and technology spillover and make adequate
compensation for technology acquisition costs, OFDI firms need to take the initiative
to spread advantageous technologies to domestic firms [18–20], which also provides an
opportunity for the technological upgrade of domestic firms. Therefore, based on the
apparent needs of both sides, this can obtain mutual benefits and win–win results as OFDI
firms can spread advantageous technologies to domestic firms actively.

However, some domestic firms seem to be short-sighted. Opportunistic behavior will
occur in the adoption of the advantageous technologies of OFDI firms, that is, they will
not pay the price of technology transfer, and OFDI firms will pay the full price, which
will lead to the short-term relationship between technology diffusion and adoption, it
will reduce the initiative of the subsequent technology diffusion of OFDI firms, and also
make domestic firms lose the opportunity to quickly implement a technology upgrade.
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Mi Jie, etc. studied the opportunistic behavior of OFDI firms and domestic firms in the
process of knowledge sharing based on evolutionary game theory, and found that factors,
such as the knowledge gap and the strength of property protection between the two
sides, will have a significant impact on the results of knowledge sharing [15]. Xiao Hanjie
and Wang Hua studied the opportunistic behavior of technology diffusers and technology
adopters in the process of cooperation, and found that government pollution regulation and
internal reputation loss will influence the strategy choice of both sides [8]. For developing
countries, in order to enhance the knowledge level and innovation ability of domestic firms
as soon as possible, and due to the imperfect technology diffusion system, it is inevitable
that some firms may implement opportunistic behavior. Therefore, in the cooperation
process of technology diffusion and adoption between OFDI firms and domestic firms, the
construction of evolutionary game model needs to fully consider compensating for the
technology acquisition cost of OFDI firms while avoiding the opportunistic behavior of
domestic firms, so as to make the technology diffusion activities sustainable.

We discuss and arrange the existing literature to introduce the basic arguments of this
paper on the basis of an induction and summary.

• Research method level

The existing literature is mostly based on empirical methods of studying the problems
related to manufacturing OFDI firms, such as the existence and heterogeneity of the re-
verse technology spillover effect and their influencing factors, but the empirical methods
cannot cover all research problems. In fact, the game theory in mathematical modeling
has unique advantages for studying certain types of problems under this direction, and
the representative problem is the strategy selection problem of finite rational subjects,
for example, Zhang Cheng and Zhao Gang [32] found that the effect of manufacturing
OFDI firms’ access to reverse technology spillover depends not only on their own absorp-
tion capacity but also on their competitive and cooperative relationship with technology
spillover parties. Ye Guangyu and Helipitim Abibullah [33] found that capital-intensive and
labor-intensive firms differ in their OFDI entry mode (cross-border M&A and greenfield
investment) choices, and further, Helipitim Abibullah et al. [34] found that host country
capital attraction preferences also have an impact on the choice of OFDI entry strategies for
firms with productivity differences. The primary contribution of this paper is to extend
the game-related research on the strategy choice of manufacturing OFDI firms as finite
rational subjects by constructing an evolutionary game model of three subjects, namely,
government, OFDI firms and local firms, and studying the direction and extent to which
the strategy choice of the three subjects is influenced by each other’s willingness and other
factors, and considering the active role of government as a participation subject. It is
found that the government’s strategy choice is the result of a trade-off between benefits
and costs, and there is a big difference in the effect of positive and negative governance
instruments, and the upper limit of financial support needs to be set on the premise that the
government’s willingness to participate is not affected, while the sustainability of punitive
measures is relatively stronger.

• Research content level

Based on the game theory approach, the research on manufacturing OFDI firms mostly
focuses on two types of topics, one is the game in the process of acquiring overseas superior
technology through reverse technology spillover by OFDI firms, such as the entry strategy
selection and competitive cooperation game mentioned above; the second is the other
strategy selection problems of OFDI firms such as the choice of what innovation strategy
can be faster to absorb overseas advantageous technology, and thus, faster to achieve
their own technological upgrading. Yang Chaojun et al. [35] found that the OFDI reverse
technology spillover effect, profit feedback, and R&D cost sharing effect have significant
effects on the innovation path choice of manufacturing OFDI firms, and the two strategies
of independent innovation and imitation innovation have their own advantages under
effects with different intensity. It can be seen that there is less research on the game between
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manufacturing OFDI firms and local manufacturing firms in the existing literature. In a
real situation, individual manufacturing firms cannot realize the technological upgrading
of the manufacturing industry quickly by carrying out OFDI activities, but the cooperation
between manufacturing OFDI firms and upstream and downstream firms can realize the
technological upgrading of the whole industry more quickly, spreading over a whole area
from one point. The most critical issue is the stable operation of the cooperation system be-
tween manufacturing OFDI firms and local manufacturing firms. Mi Jie et al. [15] found that
the necessity of knowledge sharing between OFDI enterprises and local enterprises, and
the key to the sustainable operation of the knowledge-sharing mechanism lies in enhancing
willingness to share knowledge, inhibiting opportunistic behavior, improving absorption,
transformation capacity, and attaching importance to intellectual property protection.

Compared with knowledge sharing between manufacturing OFDI firms and local
manufacturing firms, technology diffusion is a more feasible and widespread activity. OFDI
firms, as technically superior parties, will only share knowledge with a small number of
local enterprises that have unique technical advantages, but technology diffusion and
charging corresponding consideration is a more realistic way for local firms to gain the
leading technological advantage of OFDI firms. Therefore, this paper investigates the stable
operation of the system of technology diffusion of OFDI firms and technology adoption
system of local firms under government regulation, and the main findings also confirm this
point: OFDI firms and local firms show asymmetry due to the influence of each other’s
initial willingness, and local firms show more positive performance, so under both the
influence of a disadvantageous position and positive attitude, paying the corresponding
attention to adopting advanced technology is faster and more realistic.

Further, most of the existing literature has studied the impact of reverse technology
spillover intensity or enterprise absorption capacity on the outcome of OFDI activities, but
this paper innovatively combines reverse technology spillover intensity and enterprise
absorption capacity to form four combinations of high and low, and finds that under high
reverse technology spillover intensity and high enterprise absorption capacity, there is a
cyclical movement dilemma in the technology diffusion system when the initial willingness
is low. In addition, increasing the protection of property rights of OFDI firms and the
punishment for opportunistic behavior of local firms can effectively break this dilemma.
Finally, a series of measures are proposed to improve the operational efficiency of the tech-
nology diffusion system, such as controlling the pricing of technology transfer, increasing
the protection of property rights, and establishing incentives and penalties. To sum up,
this paper is an effective extension of the existing research, and some of the findings also
provide some references to the stable operation of the OFDI technology diffusion system.

3. Methods
3.1. Evolutionary Game Mechanism of Technology Diffusion

In fact, there is a long-term game relationship between technological diffusion and
adoption of OFDI firms and domestic firms. Due to the bounded rationality of firms and
the indirect policies of the government, the game between both sides will undergo a long
evolutionary process. As a dynamic game method under bounded rationality, evolutionary
game theory can help one study the dynamic game behavior of bounded rational groups
in the long-term evolution process and the stable state of the final convergence of the
system. Therefore, this paper uses evolutionary game theory to study the evolution process
of strategy selection of OFDI firms and domestic firms in technology diffusion activities.
On this basis, it is of great theoretical and practical significance to analyze the evolution
path and influence factors of the technology diffusion system with the participation of
the government, in order to improve the efficiency of OFDI firms’ technology diffusion to
domestic firms and further improve the innovation ability of domestic firms.

The technology level of OFDI-type manufacturing firms is relatively high, and the
technology level of domestic-type manufacturing firms is relatively low. The former will
choose to proactively or passively diffuse the superior technology due to the influence
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of technology competitiveness and technology spillover risk, as well as the strength of
property rights protection; the latter will choose to actively or passively adopt the superior
technology due to the conflict between long-term and short-term interests. In addition,
factors such as initial willingness, technology spillover, absorptive capacity, transfer price,
financial support and penalty strength also affect the choice of both parties, while govern-
ment regulation can achieve the overall optimum of active diffusion by OFDI firms and
active adoption by domestic firms. The specific evolutionary mechanism of the sustainable
development of technology diffusion in manufacturing firms is shown in Figure 1.

Figure 1. Evolutionary game mechanism of technology diffusion in manufacturing firms.
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3.2. Proposition of Evolutionary Game Model of Technology Diffusion

In the process of technological diffusion and adoption, in addition to directly partici-
pating in OFDI firms and domestic firms, the government also plays an important role. It is
motivating to adjust the behavior of both parties through financial support and punishment,
so as to obtain corresponding benefits and avoid potential losses. Based on this, this paper
puts forward the following propositions:

• Proposition 1: There are three participants: government, OFDI, and domestic firms

In the process of technology diffusion games, the participants are government (G),
OFDI firm (M) and domestic firm (E). The government hopes to monitor the behaviors of
both parties by formulating financial support and punishment policies to obtain positive
social benefits and avoid negative social impacts. OFDI firms hope to realize the expected
benefits of technology transfer, so as to make optimal compensation for technology acquisi-
tion costs, domestic firms hope to implement advanced technology for production under
the premise of controllable technology adoption cost to obtain sufficient income.

• Proposition 2: Different principal strategies

The government’s strategy set is (participation, nonparticipation), and its probabilities
are x, 1 − x; the strategy set of OFDI firms is (active diffusion, passive diffusion), and their
probabilities are y, 1 − y; the strategy set of domestic firms is (positive adoption, negative
adoption), and their probabilities are z, 1 − z.

• Proposition 3: Relevant parameters of OFDI and domestic firms

The benefits of OFDI firms in non-proliferation of advantageous technologies are
RM, and the benefits of domestic firms in production using original technologies are RE.
The transfer price when OFDI firms actively diffuse advantageous technologies is T. The
cost of acquiring technologies through foreign direct investment is CM. The property
rights protection of OFDI firms when domestic firms adopt opportunistic behaviors is
θ. The income obtained by domestic firms from introducing advanced technologies for
production is L. The reputation loss caused by opportunistic behaviors to domestic firms
is F. The technology spillover coefficient of OFDI firms in passive diffusion is α. The
absorptive capacity coefficient of domestic firms is β, and the cost of independent research
and development of advanced technology by domestic firms is CE, (0 < θ < 1, 0 < β < 1).

• Proposition 4: Government-related parameters

The benefit that the government does not restrict is RG. When the government partici-
pates, the fiscal support for the passive diffusion behavior of OFDI firms is GM, and the
punishment for the passive diffusion behavior is PM; when the government participates,
the financial support for the positive adoption behavior of domestic firms is GE, and the
punishment for the negative adoption behavior is PE. When OFDI firms actively diffuse and
domestic firms actively adopt, the government will acquire positive social benefits A. When
OFDI firms passively diffuse and domestic firms passively implement, the negative social
impact on the government will be B and when the government does not participate, the
benefits and losses of these two situations are aA and bB, respectively. The two situations
of active diffusion and negative adoption of domestic firms by OFDI firms and passive
diffusion and positive adoption of domestic firms also enhance the technology upgrading
of domestic firms. However, because it is not the most efficient way, the government will
neither obtain positive social performance nor cause a negative social impact, (0 < a < 1,
0 < b < 1, P < G). The model parameters settings and their meanings are shown in Table 1.
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Table 1. Model parameters and meanings.

RM Benefit of OFDI firms in non-proliferation of advantageous technologies.
RE Benefit of domestic firms when using original technology for production.
T Transfer price when OFDI firms actively diffuse advantageous technologies.

CM Cost of OFDI firms acquiring technology through foreign direct investment.
θ OFDI firms’ strength to property rights protection when domestic firms take opportunistic behavior.
L Benefit from introducing advanced technology for production by domestic firms.
F Reputation loss caused by opportunistic behavior to domestic firms.
α Technology spillover coefficient of OFDI firms in passive diffusion.
β Absorptive capacity coefficient of domestic firms to OFDI firms spillover technology.

CE Cost of independent research and development of advanced technology by domestic firms.
RG Benefit from government deregulation.
GM Financial support provided by the government when OFDI firms actively diffuse.
GE Financial support provided by the government when domestic firms actively adopt.
PM Government punishment for negative diffusion by OFDI firms.
PE Government punishment for negative adoption by domestic firms.

A Positive social impacts obtained by the government when OFDI firms actively spread and domestic firms
actively adopt.

B Negative social impacts obtained by the government when OFDI firms passively spread and domestic firms
passively adopt.

aA Positive social impacts when the government does not participate.
bB Negative social impacts when the government does not participate.

Through Table 1, we can intuitively see the parameters of the game mechanism for the
sustainable development of technology diffusion, and participants include the government,
OFDI enterprises and local enterprises. By referring to Table 1, we can easily understand
the tripartite payment formula in various states.

3.3. Construction of Income Matrix

Based on the basic assumptions of the model, this paper analyzes the different strategy
choices of the three parties and obtains the tripartite game income matrix of technology
diffusion between OFDI firms and domestic firms considering the government’s strategic
choice, as shown in Table 2.

Table 2. Tripartite game income matrix.

Strategy Combination Government OFDI Firms Domestic Firms

(participate, active diffusion, active adoption) RG − GM − GE + A RM + T − CM + GM RE + L− T + GE
(participate, active diffusion,

negative adoption) RG − GM + PE RM + θT − CM + GM RE + L− θT − F− PE

(participate, negative diffusion,
active adoption) RG − GE + PM RM − αβCM − PM RE + L− (1− αβ)CE + GE

(participate, negative diffusion,
active adoption) RG + PM + PE − B RM − PM RE − PE

(nonparticipation, active diffusion,
active adoption) RG + aA RM + T − CM RE + L− T

(nonparticipation, active diffusion,
negative adoption) RG RM + θT − CM RE + L− θT − F

(nonparticipation, negative diffusion,
active adoption) RG RM − αβCM RE + L− (1− αβ)CE

(nonparticipation, negative diffusion,
negative adoption) RG − bB RM RE

3.3.1. The Ideal Game State with Government Participation

When the government chooses the participation strategy, OFDI firms choose the active
diffusion strategy, and domestic firms choose the active adoption strategy, the system
reaches the optimal state, the technology acquisition cost of OFDI firms is compensated
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satisfactorily, domestic firms obtain more benefits by introducing advanced technology for
production, and the government obtains positive social benefits by means of regulation.
At this time, the government’s income is RG − GM − GE + A, the income of OFDI firms is
RM + T − CM + GM, and that of domestic firms is RE + L− T + GE.

3.3.2. Adverse State of the Gaming System with Government Involvement—
Negative Adoption

When the government chooses the participation strategy, OFDI firms choose the active
diffusion policy and domestic firms choose the negative adoption strategy, the technology
return income of OFDI firms cannot be fully realized, and the degree of income realization
relies on OFDI firms’ strength of property right protection. Opportunistic behavior not
only saves some technology introduction costs for domestic firms, but also causes losses to
their reputation. The government will also punish the opportunistic behavior of domestic
firms. At this time, the income of the government is RG − GM + PE, that of OFDI firms is
RM + θT − CM + GM, and that of domestic firms is RE + L− θT − F− PE.

3.3.3. Adverse State of the Gaming System with Government
Involvement—Passive Diffusion

When the government chooses the participation strategy, OFDI firms choose the pas-
sive diffusion strategy, and domestic firms choose the active adoption strategy, OFDI firms
will choose not to carry out technology diffusion in order to avoid the risk of opportunistic
behavior by domestic firms, but it will be affected by unavoidable technology spillover,
and the government will also punish behavior that is not conducive to the rapid innovation
upgrading of domestic firms. Domestic firms, under the influence of absorbing OFDI
firm spillover technology, will carry out technological imitation and innovation to obtain
relevant benefits, which will obtain the government’s financial support. At this time, the
income of the government is RG − GE + PM, that of OFDI firms is RM − αβCM − PM, and
that of domestic firms is RE + L− (1− αβ)CE + GE.

3.3.4. Worst State of the Gaming System with Government Participation

When the government chooses the participation strategy, OFDI firms choose the
passive diffusion strategy and domestic firms choose the passive adoption strategy, the
system reaches the worst state. The inaction of both parties will have a negative social
impact on the government and will be punished by the government. At this time, the
income of the government is RG + PM + PE − B, that of OFDI firms is RM − PM and that of
domestic firms is RE − PE.

3.3.5. The Ideal State of the Gaming System without Government Involvement

When the government chooses the non-participation strategy, OFDI firms choose
the active diffusion strategy, and domestic firms choose the active adoption strategy, the
government does not provide financial support or punishment for relevant behaviors. OFDI
firms and domestic firms independently choose the technology diffusion and adoption
behaviors, while the government obtains certain positive social benefits due to free riding
behavior. At this time, the government’s income is RG + aA, the income of OFDI firms is
RM + T − CM, and that of domestic firms is RE + L− T.

3.3.6. Adverse State of the Gaming System under Government
Non-Participation—Negative Adoption

When the government chooses the non-participation strategy, OFDI firms choose the
active diffusion strategy and domestic firms choose the negative adoption strategy, due
to the lack of government constraints, the enthusiasm of subsequent technology diffusion
of the OFDI firms will be affected, which will also encourage the opportunistic behavior
tendency of domestic firms. At this time, the income of the government is RG, that of OFDI
firms is RM + θT − CM and that of domestic firms is RE + L− θT − F.



Sustainability 2023, 15, 3108 11 of 23

3.3.7. Adverse State of the Gaming System under Government Non-Participation—
Passive Diffusion

When the government chooses a nonparticipation strategy, OFDI firms choose the
passive diffusion strategy, and domestic firms choose an active adoption strategy. Due to
the lack of government financial support, it will be more difficult for domestic firms to
use OFDI firm technology spillover to imitate innovation and acquire the corresponding
benefits. At this time, the income of the government is RG, the income of OFDI firms is
RM − αβCM, and the benefits of domestic firms is RE + L− (1− αβ)CE.

3.3.8. Worst State of the Gaming System without Government Participation

When the government chooses the non-participation strategy, OFDI firms choose the
passive diffusion strategy and domestic firms choose the negative adoption strategy; the
inaction of both parties will also have a certain negative social impact on the government
because the government does not carry out the relevant governance. At this time, the
income of the government is RG − bB, that of OFDI firms is RM and that of domestic firms
is RE.

Through Table 2, we can intuitively see the eight strategy combinations of the tech-
nology diffusion game system, including ideal state, adverse state and worst state, etc.
Under different strategy combinations, the income formulas of all parties show obvious
differences, indicating that the players of the game have different motivations when making
strategy choices. The large difference of income formula lays a good foundation for the
subsequent calculation and analysis steps in this paper.

3.4. Construction of Expected Return Function

The income expectation when the government participates UG1, the income expecta-
tion without participation UG2 and the average income expectation UG are, respectively:

UG1 = yz(RG − GM − GE + A) + y(1− z)(RG − GM + PE)
+(1− y)z(RG − GE + PM) + (1− y)(1− z)(RG + PM + PE − B)

(1)

UG2 = yz(RG + aA) + y(1− z)RG
+(1− y)zRG + (1− y)(1− z)(RG − bB)

(2)

UG = xUG1 + (1− x)UG2 (3)

The expected return of OFDI firms choosing active diffusion strategy in game UM1,
the expected return of passive diffusion strategy UM2 and the average income expectation
UM are, respectively:

UM1 = xz(RM + T − CM + GM) + x(1− z)(RM + θT − CM + GM)
+(1− x)z(RM + T − CM) + (1− x)(1− z)(RM + θT − CM)

(4)

UM2 = xz(RM − αβCM − PM) + x(1− z)(RM − PM)
+(1− x)z(RM − αβCM) + (1− x)(1− z)RM

(5)

UM = yUM1 + (1− y)UM2 (6)

The expected return of domestic firms choosing active adopting strategy in game UE1,
the expected return of passive adopting strategy UE2 and the average income expectation
are, respectively:

UE1 = xy(RE + L− T + GE) + x(1− y)[RE + L− (1− αβ)CE + GE]
+(1− x)y(RE + L− T) + (1− x)(1− y)[RE + L− (1− αβ)CE]

(7)

UE2 = xy[RE + L− θT − F− PE] + x(1− y)(RE − PE)
+(1− x)y[RE + L− θT − F] + (1− x)(1− y)RE

(8)
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UE = zUE1 + (1− z)UE2 (9)

3.5. Related Replicated Dynamic Equation

The replicated dynamic equation of the government’s choice of the “participation”
strategy over time is:

F(x) = dx/dt = x(UG1 −UG) = x(1− x)(UG1 −UG2)
= x(1− x){yz[(1− a)A− (1− b )B] + y[−GM − PM + (1− b)B] + z[−GE − PE + (1− b)B]
+PM + PE − (1− b)B}

(10)

The replicated dynamic equation of the OFDI firm’s choice of the “active diffusion”
strategy over time is:

F(y) = dy/dt = y(UM1 −UM) = y(1− y)(UM1 −UM2)
= y(1− y){x(GM + PM) + z[(1− θ)T + αβCM] + θT − CM}

(11)

The replicated dynamic equation of the domestic firm’s choice of the “positive adop-
tion” strategy over time is:

F(z) = dz/dt = z(UE1 −UE) = z(1− z)(UE1 −UE2)
= z(1− z){x(GE + PE) + y[−(1− θ)T + F− L + (1− αβ)CE] + L− (1− αβ)CE}

(12)

By combining Equations (10)–(12),the replicated dynamic system of government, OFDI
firms and domestic firm is as follows:

F(x) = x(1− x){yz[(1− a)A− (1− b)B] + y[−GM − PM + (1− b)B]
+z[−GE − PE + (1− b)B] + PM + PE − (1− b)B}
F(y) = y(1− y){x(GM + PM) + z[(1− θ)T + αβCM] + θT − CM}

F(z) = z(1− z){x(GE + PE) + y[−(1− θ)T + F− L + (1− αβ)CE]
+L− (1− αβ)CE}

(13)

Friedman and Zhang et al. proposed that the evolutionary stability strategy (ESS)
of the system can be obtained by analyzing the domestic stability of the Jacobian ma-
trix corresponding to the replicated dynamic system [36,37]. In this paper, by making
F(x) = F(y) = F(z) = 0, we can obtain eight domestic equilibrium points from the system,
E1(0, 0, 0), E2(0, 0, 1), E3(0, 1, 0), E4(0, 1, 1), E5(1, 0, 0), E6(1, 0, 1), E7(1, 1, 0), E8(1, 1, 1).

3.6. Equilibrium Point Stability Analysis

Let us first analyze the case where the equilibrium point is E1(0, 0, 0), the Jacobian
matrix is:

J1 =

PM + PE − (1− b)B 0 0
0 θT − CM 0
0 0 L− (1− αβ)CE

 (14)

Three eigenvalues of the matrix can be obtained, and so on. The eigenvalues of all
equilibrium points can be seen in Table 3.

Table 3 shows the eigenvalue matrix of the game system, and the calculation of the
eigenvalues lays the foundation for the equilibrium point analysis below. Unlike the two-
party game system that uses the determinant and trace judgment of the Jacobi matrix when
doing the equilibrium point analysis, the three-party game system uses the sign of the three
eigenvalues corresponding to each equilibrium point to make the judgment, which leads to
the instability point, saddle point and ESS point in this paper.
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Table 3. Eigenvalues of the matrix.

Equilibrium Point Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3

E1(0, 0, 0) PM + PE − (1− b)B θT − CM L− (1− αβ)CE
E2(0, 0, 1) −GE + PM T − (1− αβ)CM −L + (1− αβ)CE
E3(0, 1, 0) −GM + PE −θT + CM −(1− θ)T + F
E4(0, 1, 1) (1− a)A− GM − GE −T + (1− αβ)CM (1− θ)T − F
E5(1, 0, 0) −PM − PE + (1− b)B GM + PM + θT − CM GE + PE + L− (1− αβ)CE
E6(1, 0, 1) GE − PM GM + PM + T − (1− αβ)CM −GE − PE − L + (1− αβ)CE
E7(1, 1, 0) GM − PE −GM − PM − θT + CM GE + PE − (1− θ)T + F
E8(1, 1, 1) −(1− a)A + GM + GE −GM − PM − T + (1− αβ)CM −GE − PE + (1− θ)T − F

In order to facilitate the symbolic analysis of eigenvalues, the following assumptions
may be made:

(1− a)A− GM − GE > 0 T − (1− αβ)CM > 0 −(1− θ)T + F > 0

That is, the net income brought by the government’s choice of a participation strategy
is greater than that of a non-participation strategy. The net income brought by OFDI firms
and domestic firms an choosing active diffusion strategy and an active adoption strategy,
respectively is greater than that of a passive diffusion strategy and a passive adoption
strategy, respectively.

Table 4 lists the positive and negative eigenvalues of each of the eight equilibrium
points of the game system, as well as the properties of equilibrium points. It can be found
that ESS appears at different equilibrium points under different circumstances.

Table 4. Domestic stability of equilibrium point.

Equilibrium
Point

Situation 1 Situation 2 Situation 3

λ1 λ2 λ3 Stability λ1 λ2 λ3 Stability λ1 λ2 λ3 Stability

E1(0, 0, 0) +, − − − Unstable point,
ESS +, − + + Saddle point,

Unstable point +, − − − Unstable point,
ESS

E2(0, 0, 1) − + + Unstable point − + − Unstable point − + + Unstable point
E3(0, 1, 0) − + + Unstable point − − + Unstable point − + + Unstable point
E4(0, 1, 1) + − − Unstable point + − − Unstable point + − − Unstable point

E5(1, 0, 0) −, + − − ESS,
Unstable point −, + + + Unstable point

, Saddle point −, + + + Unstable point,
Saddle point

E6(1, 0, 1) + + + Saddle point + + − Unstable point + + − Unstable point
E7(1, 1, 0) + + + Saddle point + − + Unstable point + − + Unstable point
E8(1, 1, 1) − − − ESS − − − ESS − − − ESS

Different situations are discussed below:
Situation 1: When GM + PM + θT − CM < 0 and GE + PE + L− (1− αβ)CE < 0, if

−PM − PE + (1− b)B < 0, the stable points of the system are E5(1, 0, 0) and E8(1, 1, 1); if
−PM − PE + (1− b)B > 0, the stable points of the system are E1(0, 0, 0) and E8(1, 1, 1).

Situation 2: When θT− CM > 0 or L− (1− αβ)CE > 0, the stable point of the system
is E8(1, 1, 1).

Situation 3: When GM + PM + θT − CM > 0 and θT − CM < 0 or GE + PE + L −
(1− αβ)CE > 0 and L− (1− αβ)CE < 0, if −PM − PE + (1− b)B < 0, the stable point of
the system is E8(1, 1, 1); if −PM − PE + (1− b)B > 0, the stable points of the system are
E1(0, 0, 0) and E8(1, 1, 1).

4. Results and Figures

Based on the evolutionary game theory, this paper makes a theoretical analysis of the
intellectual diffusion between OFDI firms and domestic firms. In order to show the specific
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evolutionary process more explicitly and intuitively, the evolutionary paths of all parties
are analyzed through the MATLAB simulation. The reference parameters are set as follows:
a = 0.2; b = 0.2; A = 8; B = 5; GM = 2; PM = 1; GE = 2; PE = 1; θ = 0.5; T = 3; F = 1;
L = 1.5; CM = 3.5; CE = 2; α = 0.1; β = 0.2.

4.1. Impact of Initial Intention on the Evolution of Technology Diffusion Relationship

Figure 2 shows the evolution path of the impact of the change of government partici-
pation intention on the active diffusion intention and active adoption intention of OFDI
firms and domestic firms under the condition that other parameters remain unchanged.
It can be seen from the figure that when x takes 0.2 y and z converge at 0, the evolution
stability point decreases to (0,0,0); when x takes 0.5 and 0.8, y and z always converge
at 1, and the evolutionary stability point tends to (1,1,1). At this time, the increase in x
will accelerate the convergence speed of y and z. The numerical simulation results show
that the low willingness of the government to participate cannot enhance the efficiency of
technology diffusion activities between OFDI firms and domestic firms. When the govern-
ment’s willingness to participate exceeds a certain threshold, the increase in its willingness
to participate can significantly improve the initiative and enthusiasm of the technology
diffusion and technology adoption of OFDI firms and domestic firms. It is not difficult
to understand that the negative punishment of the government is an effective means to
restrict the passive diffusion behavior of OFDI firms and the negative adoption behavior
of domestic firms. Its positive incentive is conducive to the adequate compensation of the
technology acquisition cost of OFDI firms, and can decrease the cost of rapid technology
upgrade of domestic firms. Therefore, whether the government’s willingness to participate
is firm or not will largely influence the efficiency of technology diffusion activities between
OFDI firms and domestic firms.

Figure 2. The evolution result of the change of government participation intention x.

Figure 3 shows the evolution path of the impact of changes in OFDI firms’ willingness
to actively diffuse the willingness of government participation, and the willingness of
domestic firms to actively implement when other parameters remain unaffected. It can be
seen from the figure that when y takes 0.2, x and z converge at 0, and the evolution stability
point tends to (0,0,0). When y takes 0.5 and 0.8, x and z always converge at 1, and the
evolutionary stability point tends to (1,1,1). At this time, the increase in z will accelerate the
convergence speed of x and y. The numerical simulation results show that domestic firms
have a strong desire to quickly implement technology upgrading by actively adopting
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the advantageous technologies actively diffused by OFDI firms. When the willingness of
OFDI firms to actively diffuse advantageous technologies surpassed a certain threshold,
the strategy choice of domestic firms will quickly convert to active adoption strategies, and
the stronger the willingness of OFDI firms to actively diffuse, the faster the convergence
of domestic firms. Even when the willingness of OFDI firms to actively spread is low, the
strategy choice of domestic firms at the beginning of the cooperation will evolve towards
positive adoption. However, with the decline of OFDI firms’ willingness to actively diffuse
and the government’s willingness to participate, domestic firms will finally select a negative
adoption strategy for risk consideration.

Figure 3. The evolution results of changes in OFDI firms’ willingness to actively diffuse y.

Figure 4 shows the evolution path of the impact of the change of domestic firms’
willingness to actively implement the willingness of government participation and the
willingness of OFDI firms to actively diffuse under the condition that other parameters
remain unaffected. It can be seen from the figure that when 0.2 is taken by z, x and y
converge at 0, and the evolution stability point tends to (0,0,0). When z takes 0.5 and 0.8, x
and y always converge at 1, and the evolutionary stability point tends to (1,1,1). At this time,
the increase in z will accelerate the convergence speed of x and y. The numerical simulation
results show that the comparison with the performance of domestic firms at the beginning
of the cooperation period, when OFDI firms have low willingness to actively diffuse, the
strategy choice of OFDI firms will quickly convert to the passive diffusion strategy when
domestic firms have low willingness to actively adopt. This is mainly because OFDI firms,
as a technical advantage, need to bear greater risks in their active diffusion behavior. When
domestic firms are more willing to adopt passively, they consider avoiding the risk of
opportunistic behavior.

4.2. Impact of Technology Spillover Coefficient and Absorptive Capacity Coefficient on the
Evolution of Technology Diffusion Relationship

In order to study the evolutionary results of the system under the different conditions
of the technology spillover effect of OFDI firms and the absorptive capacity of domestic
firms, this paper is divided into four cases for simulation:

(1) Low technology spillover and low absorptive capacity, assuming α = 0.1, β = 0.2;
(2) Low technology spillover and high absorptive capacity, assuming α = 0.1, β = 0.8;
(3) High technology spillover and low absorptive capacity, assuming α = 0.8, β = 0.2;
(4) High technology spillover and high absorptive capacity, assuming α = 0.8, β = 0.8.
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Figure 4. The evolution result of changes in domestic firms’ willingness to actively adopt z.

Figure 5 shows the evolution path of the impact of the changes of the technology
spillover coefficient and absorptive capacity coefficient on the technology diffusion activ-
ities of the government, OFDI firms, and domestic firms when other parameters remain
unchanged. As can be seen from the figure, in the case of low technology spillover and low
absorptive capacity, the strategy choices of the three parties covert to (non-participation,
passive diffusion and passive adoption). In other cases, the strategy choices of the three
parties convert to (participation, active diffusion, and active adoption), and the higher the
technology spillover and the stronger the absorptive capacity, the faster the strategy choices
of the three parties convert. The numerical simulation results show that the technology
spillover of OFDI firms and the absorption capacity of domestic firms have an important
impact on the strategy choice of the When both are low, OFDI firms have less loss in
choosing the passive diffusion strategy. They tend to choose confidential technology to
obtain monopoly profits, which is enough to cover the relevant penalties imposed by the
government. Under its influence, domestic firms tend to choose negative adoption strate-
gies, while the government tends to choose non-participation strategies. In other cases, the
passive diffusion cost of OFDI firms is greater than the loss caused by the opportunistic
behavior of domestic firms during active diffusion. Therefore, OFDI firms tend to choose
an active diffusion strategy. Affected by it, domestic firms tend to choose an active adoption
strategy, while the government tends to choose a participation strategy.

In the case of high technology spillovers and high absorptive capacity, if the initial
willingness of the three parties is low, there will be a periodic cycle in the strategic choice
of OFDI firms and domestic firms (as shown in Figure 6). Due to the low initial willingness,
the government tends to choose the non-participation strategy, and OFDI firms tend to
choose the passive diffusion strategy. At this time, due to the high technology spillover
of OFDI firms and the high absorption capacity of domestic firms, their willingness to
choose an active adoption strategy will increase. Then, OFDI firms observed the positive
adoption behavior of domestic firms. In order to obtain satisfactory technology and obtain
cost compensation, their willingness to choose an active diffusion strategy will increase.
Without the participation of the government, this will reduce the cost of the opportunistic
behavior of domestic firms, so they tend to choose negative adoption strategies to reduce
the price of technology transfer. Furthermore, the willingness of OFDI firms to actively
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spread will decline, and domestic firms will choose to actively adopt strategies to absorb
technology spillovers, and finally, the system will fall into an unstable periodic motion state.

Figure 5. The evolution result of changes in technology spillover coefficient α and absorptive capacity
coefficient β.

Figure 6. Special situation.
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4.3. The Influence of Technology Transfer Price and Property Right Protection on the Evolution of
Technology Diffusion Relationship

Figure 7 shows the evolution path of the impact of the change of technology transfer
price on the technology diffusion activities of the government, OFDI firms, and domestic
firms under the condition that other parameters persist unchanged. As can be seen from
the figures, too low and too high technology transfer prices are not optimal. When the
technology transfer price is too low, the willingness of OFDI firms to actively diffuse
will quickly converge at 0, while the willingness of domestic firms to actively implement
will increase at the beginning of the cooperation period. However, with the continuous
decline of the willingness of OFDI firms to actively diffuse, their strategy choice will
eventually convert to the negative adoption strategy; when the technology transfer price
is too high, the willingness of domestic firms to actively adopt will quickly converge at 0,
while the willingness of OFDI firms to actively spread will increase at the beginning of the
cooperation period. However, with the continuous decline of domestic firms’ willingness
to actively adopt, their strategy choice will eventually converge on the passive diffusion
strategy. In both cases, the system is not optimal, so the government also tends to adopt a
non-participation strategy. When the technology transfer price is in an acceptable range,
the strategy choices of the three parties will eventually converge (participation, passive
diffusion and active adoption). The numerical simulation results show that reasonable
technology transfer pricing is very important to enhance the efficiency of the technology
diffusion system. The government should actively play the role of market supervision and
restrict unreasonable pricing behavior.

Figure 7. The evolution result of changes in technology transfer price T.

Figure 8 shows the evolution path of the impact of changes in property protection
on the technology diffusion activities of the government, OFDI firms, and domestic firms
under the condition that other parameters remain unchanged. It can be seen from the
figure that the strength of property right protection plays the most significant role in
domestic firms, followed by OFDI firms and the smallest role is played by the government.
The greater the strength of property right protection, the faster the tripartite strategy
converges (participation, active diffusion and active adoption). Numerical simulation
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results show that increasing property rights protection can effectively enhance the efficiency
of technology diffusion system.

Figure 8. The evolution result of changes in strength of property right protection.

4.4. The Impact of Financial Support and Punishment on the Evolution of Technology
Diffusion Relationship

Figure 9 shows the evolution path of the impact of changes in financial support on the
technology diffusion activities of the government, OFDI firms, and domestic firms under
the condition that other parameters remain unchanged. It can be seen from the figure that
increasing financial support for firms within a certain range can effectively improve the
efficiency of the technological diffusion system and make the system evolve in the direction
of (participation, active diffusion and active adoption). However, excessive financial
support increases the government’s participation cost, which will reduce the government’s
enthusiasm for participation, make it difficult for technology diffusion activities to continue,
and finally the three-party strategy choice will converge on (non-participation, passive
diffusion and negative adoption).

Figure 9. The evolution result of changes in financial support GM and GE.
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Figure 10 shows the evolution path of the impact of the change of strength of punish-
ment on the technological diffusion activities of the government, OFDI firms, and domestic
firms when other parameters remain unchanged. As can be seen from the figure, the greater
the punishment, the faster the OFDI firms convert to the active diffusion strategy and the
domestic firms convert to the active adoption strategy. At the same time, since there is no
need for the government to pay the relevant costs, the increase in punishment will not lead
to the decline of the government’s willingness to participate, and finally, the three-party
strategy choice will convert to (participation, active diffusion and active adoption).

Figure 10. The evolution result of changes in punishment intensity PE and PM.

The numerical simulation results in Figures 8 and 9 show that the government should
combine positive incentives with negative penalties, give moderate incentives to active dif-
fusion and positive adoption, and increase the penalties for passive diffusion and negative
adoption, so as to effectively improve the efficiency of the technology diffusion system.

5. Conclusions

Coordinating the interest relationship between OFDI firms and domestic firms is
very important to improve the efficiency of the technology diffusion system. Based on
the bounded rationality hypothesis, this paper constructs a tripartite evolutionary game
model, including government, OFDI firms, and domestic firms, and analyzes the impact
of different parameters on the evolution of the strategy choices of the three parties. The
results show the following.

5.1. The Government, OFDI Firms and Domestic Firms Are Impacted by Each Other’s Initial
Intentions to Different Degrees

After the government’s willingness to participate rises to a certain extent, its will-
ingness to participate is significantly positively correlated with the willingness of OFDI
firms to actively spread and the willingness of domestic firms to actively adopt. However,
OFDI firms and domestic firms show asymmetry under the influence of each other’s initial
willingness. When OFDI firms have low willingness to actively diffuse, domestic firms
also show high willingness to actively adopt at the beginning of the cooperation, while
when domestic firms have low willingness to actively adopt, OFDI firms tend to choose
passive diffusion strategies. Therefore, the government should upgrade its willingness to
participate and strengthen the construction of relevant systems to relieve the worries of
OFDI firms’ active diffusion.

5.2. Different Combinations of Technology Spillover and Absorptive Capacity Will Form Different
Evolutionary Results

When the technology spillover of OFDI firms and the absorptive capacity of domestic
firms exceed a certain threshold, large potential losses will stimulate OFDI firms to choose
the active diffusion strategy, and the stronger the technology spillover and absorptive
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capacity, the more obvious the stimulating effect. At this time, the government needs to
prevent the periodic movement dilemma of the technology diffusion system when the
initial intention is low under the condition of high technology spillover and high absorption
capacity, and strengthen the property rights protection of OFDI firms and the punishment
of opportunistic behavior of domestic firms, which can effectively solve this dilemma.

5.3. Reasonable Technology Transfer Pricing and Strengthening Property Rights Protection can
Improve the Efficiency of the Technological Diffusion System

Technology transfer pricing is the result of the game between the diffusing party and
the adopting party. Too low and too high technology transfer pricing are not conducive
to the sustainability of technology diffusion activities, and the higher the protection of
property rights, the better. The government should actively perform the function of market
supervision, punish unreasonable pricing, and strengthen the protection of property rights
on the premise of controllable cost.

5.4. Government Financial Support and Punishment Should Be Controlled within a
Reasonable Range

Financial support and punishment measures can promote technology diffusion ac-
tivities, but excessive financial support will reduce the willingness of the government to
participate, and eventually lead to the decline of the sustainability of technology diffusion
activities. Therefore, the government needs to strengthen the punishment of passive diffu-
sion and negative adoption, formulate diversified financial support policies on the premise
of controllable participation cost, and improve the efficiency of the technology diffusion
system by combining positive incentive and negative punishment.

This paper expands the relevant research of manufacturing OFDI enterprises to a
certain extent. The relevant research of OFDI based on game theory mainly focuses on
two kinds of scenarios; one is the choice of entry strategy of manufacturing enterprises
when carrying out OFDI activities; the other is the choice of strategy of manufacturing
enterprises after acquiring reverse technology spillovers, such as the choice of innovation
path While there are few studies on the connection between OFDI enterprises and local
enterprises, the existing literature only examines the sustainability of knowledge-sharing
activities between OFDI enterprises and local enterprises. In fact, there is a large strength
difference between OFDI enterprises and local enterprises. OFDI enterprises prefer to
carry out knowledge-sharing activities with a small number of local enterprises with
unique technological advantages, while for the rest of the local enterprises with a large
number of homogeneous technologies, OFDI enterprises do not have a strong motivation
for cooperation. Therefore, it is more feasible to charge the corresponding consideration
for technology diffusion activities. This paper explores the sustainable development of the
technology diffusion system between manufacturing OFDI enterprises and local enterprises,
and further examines the important role of government regulation in it, connecting the
existing literature to a certain extent, and expanding the relevant research on the game of
manufacturing OFDI enterprises.

Of course, the research in this paper also has certain limitations, and some problems
need to be further explored. For example, the follow-up research can use the mechanism
design theory to calculate the specific numerical range of indicators such as technology
diffusion pricing. In addition, the technology diffusion system may be affected by other
factors or entities that are not considered in this paper. These limitations can be improved
through further research in the future.

Finally, the stable operation and sustainable development of OFDI manufacturing
enterprises and local enterprises’ technology diffusion system is the subject of this study.
Through the above research conclusions, we can find that effective regulation with the
participation of the government is an important means to achieve this goal, and the positive
signals released can stimulate the good behavior of enterprises, including financial support,
to a certain extent, increased punishment for violations, and regulation of technology-
transfer pricing. Increasing the protection of property rights is an effective means to ensure
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sustainable development. At the same time, it is also necessary to pay attention to a special
type of technology diffusion dilemma, namely, low willingness to participate under high
spillover and high absorptive capacity, and make up for the inherent deficiencies of the
system in a multi-pronged way, so as to achieve the stable operation and sustainable
development of the technology diffusion system of OFDI enterprises and local enterprises
in the manufacturing industry.
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