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Abstract— To improve their competitiveness, many countries focus on innovation in the high-tech industry. This paper develops a
system dynamics model for innovation ecosystems. The model emphasizes the interactions between high-tech innovations, the
government, and universities. We use two high-tech instruments, the Mars Rock Corer and the Soil Preparation System, in the aerospace
innovations developed by Hong Kong Polytechnic University. These instruments are a byproduct of collaborations with the European
Space Agency, Russian Space Agency, and China Space Agency. They span decades of space missions to the moon and Mars. Here, we
proposed a three parities systems dynamics model to study innovation behaviors. This model can be used to study and analyze the
stakeholders’ interactions in high technology-oriented innovation ecosystems. Theoretical, computational, and simulation studies were
also conducted to understand and evaluate the evolution of the ecosystem. The results demonstrated the feasibility and effectiveness of
this approach, which can be applied in on a large scale and in complex space projects.

Index Terms—system dynamics modeling, innovation ecosystem, innovation collaboration, space instruments.

I. INTRODUCTION

As science and technology have rapidly developed, innovation has become a powerhouse for gross domestic product growth in
almost all industries [1][2]. Innovations in product development, technology, engineering, advertising, promotion, and
blockchains are often seen in the manufacturing and services industries [3][4]. Projects and research that focus on the innovation
of a single company, product, or technology are common [9][10]. In the open innovation approach, however, innovations are
shared across companies and industries. Open innovation has the broadest range of applications and social network structure.
This range is due to the diversity of participants, including innovators, the user’s community, and supply chains [5]. The open
innovation paradigm is widely used for both business and scientific purposes to generate additional value [6].

In the past few decades, scholars have discussed the concepts of openness, distribution, and decentralization of innovation [7].
These three properties help innovators generate creativity and exceed the boundaries of a simple internal environment. They are
now becoming linked to a more complex innovation ecosystem. This ecosystem includes new participants and institutional
entities whose functional goal is to enable technological development and innovation [8].

The ecosystem term originated from biological ecosystems. The innovation ecosystem refers to a comprehensive system that
connects people, enterprises, communities, institutions, governments, and the environment around them. Like a biological
ecosystem, the innovation ecosystem allows these components to function together as a unit [11]. The innovation ecosystem can
be divided into two principal components: knowledge (scientific and academic) and commercial (driven by the marketplace).
The relationship between these two sides is close and complicated. Resources invested in the knowledge economy are often
derived from the commercial sector (e.g., government investment, R&D investment) [12]. The ecosystem is even more
complicated for high-tech industries such as the space and aviation industry, with the government and universities having a more
prominent influence. Studying the evolutionary dynamics of the innovation ecosystem can guide future innovation, especially in
the space and aviation industry.

This paper describes a general model of the dynamics of innovation ecosystems from a theoretical perspective. The model
empbhasizes the interaction between government, universities, and the community in terms of high-tech innovation. Two high-
tech instruments in the aerospace innovation area that were developed by the Hong Kong Polytechnic University (PolyU) include
the Mars Rock Corer and the Soil Preparation System (SOPSYS). These instruments are used in the model as case studies of
participants’ interactions within a technology-oriented innovation ecosystem. Based on the system dynamics (SD) model of
innovation, macro- and micro-system dynamics diagrams depict how the participants and their actions shape the dynamics of the
ecosystem.

Over the last few decades, PolyU has worked closely with several governments and institutions on various space missions.
These missions are typically deep space explorations and involve the design and development of high-tech technologies. A
collaborative ecosystem was first formed with the development of a Holinser forceps system for space. The instrument was
inspired by a pair of dental forceps in 1989. It was developed by a team of scientists from the Department of Industrial and
Systems Engineering at PolyU led by professor Kai Leung Yung. It was successfully installed and commissioned in 1994 and
delivered to the former Mir space station for astronauts to use in precision soldering.

As a result of successful innovation on the forceps system, the PolyU project team was invited by the European Space Agency
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(ESA) to bid on its Mars Express Mission in 1994. The goal was to design and manufacture a space sampling tool for the Mars
Express mission in 2003. After several years of research and development, the PolyU research team invented the Mars Rock
Corer. The Mars Rock Corer was a multi-functional sampling instrument designed and manufactured by PolyU as early as 2000.
The ESA commissioned the PolyU team. The prototype of the Mars Rock Corer was sent to the ESA for further testing and
development. Subsequently, the corer was installed on the Beagle 2 lander and sent to Mars as part of the ESA’s Mars Express
Mission in 2003. The innovation of this space instrument gained attention form the community and government. PolyU received
several awards and formed a sound foundation for future cooperation between the university, governments, and related
institutions in space exploration technology.

After further work in space instrument development, PolyU joined the China National Space Administration (CNSA). Joining
CNSA instigated a long-term relationship with the CNSA’s Lunar Exploration Program Centre. PolyU contributed to training
and scientific research from 2006 onwards. The work represented an official collaboration between the government, university,
and scientific community. Following the official announcement of the partnership and supports from the CNSA and the Chinese
government, the innovation ecosystem began to emerge.

The next project, the SOPSYS instrument, was part of a collaboration agreement signed by the Chinese and Russian
governments. SOPSY'S was designed for a mission to Mars to collect soil samples from its innermost moon, Phobos. As with
previous tasks, PolyU designed and manufactured the device. PolyU also designed and manufactured many other space
instruments that were used in the national space missions. For example, PolyU entered into an agreement with the China
Academy of Space Technology (CAST) in 2010. This work will include research and development in Chang’e, China's lunar
exploration programs.

Given the experience of PolyU, this paper explores the factors that influence innovation ecosystems in the high-tech industry.
Space innovation projects take years or decades, considerable investments, and enormous resources. They draw talent from
universities, the government, and the community. Constructing the innovation ecosystem requires the design and development of
new materials, complex processes, and thousands of tasks. To foster the innovation process or initiate innovation, governments
and public policies must recognize and facilitate entrepreneurship within multiple local contexts [13]. Moreover, a nation’s
competitiveness is reflected by its innovation and its advances in space exploration. It is, therefore, crucial to construct a well-
developed, evolving innovation ecosystem - as well as the incentives for the involved participants (governments, universities,
and communities).

The purpose of this paper is to: a) understand the different stakeholders’ perspectives in the innovation process; and b)
comprehensively describe the innovation ecosystem of the high-tech space industry. Using two case studies, we focus on
two questions:

Q1: How do governments, universities, and high-tech enterprises involve themselves in the innovation ecosystem and support
innovations?

Q2: Are the relationships and interactions between the space innovation participants the same as those of open innovation in
the business community?

Our analysis yields several insights that can guide high-tech industries to make more efficient innovation ecosystems. A high-
tech innovation ecosystem faces risks, including political and economic changes, brain drain, and skilled-labor shortages. To
mitigate these risks, an innovation collaboration that includes high-tech enterprises, the government, and the university’s
research project team is crucial. Such a collaboration can help the innovation process to resume normal activity easily and
quickly. Using SD, our work reveals the relationships among the high-tech enterprises, the government, and the research project
team within the innovation ecosystem.

Further, we show various factors and their relationships within the ecosystem, including the abilities of refinement (ARef),
design and development (AD&D), innovation (Aln), and redesign and improvement (ARdI).

The paper is organized as follows. Section II presents the literature review. Section III describes the two case studies and
provides SD diagrams at the macro- and micro-level for analysis. Section IV presents the simulation results to address the
primary two questions. Section V and VI include the discussion, recommendations, and conclusions.

II. LITERATURE REVIEW

This article is part of the growing literature on the innovation ecosystem, SD, and the high-tech industry.

A. Innovation Ecosystem

There is a large body of research on the dynamics of innovation ecosystems. This work is a combination of ecosystem
dynamics with the high-tech industry.

1) Ecosystem Dynamics: Beliaeva et al. [14] investigated the dynamics of digital entrepreneurship. The work applied a
multilevel perspective to examined the shaping of the innovation ecosystem. They examined the development of the company
from lower to higher levels of digitalization. The results indicated that significant differences existed in the innovation
ecosystem’s actors and relationships. In a case study, the dynamic capabilities of the case company also played a crucial role in
its innovation ecosystem [15]. Davis analyzed the group dynamics of interorganizational relationships in innovation ecosystems.



This work explored how groups of organizations innovated collaboratively. They moved beyond dyads to multi-partner
innovation efforts as group dynamics evolved [16].

2) Ecosystems in High-Tech: Others have focused on innovation ecosystems in high-tech industries. A science, technology,
and innovation ecosystem model showed that Germany is governed by the federal government and 16 federal states in high-tech
industries [17]. He et al. [18] also constructed a classified evaluation of the innovation ecosystem cooperativity of regional high-
tech industries based on the innovation ecosystem theory, the Lotka-Volterra model, and cluster analysis. Further, Beltagui et al.
[19] outlined the implications for supporting new digital innovation ecosystems and cultivating exaptation opportunities for high-
tech industries.

3) Ecosystem Dynamics in High-Tech: Few studies have examined the innovation ecosystem dynamics in the high-tech
industry. Recently, Pekkarinen et al. [20] considered the dynamics of the emerging care robotics innovation ecosystem in Finnish
welfare services. The results showed that a variety of stakeholders are needed in the ecosystem. However, the four important
abilities of the ecosystem (discussed in Section IIIA and Fig. 3) are not analyzed in their work. Our analysis further analyses
these abilities for the high-tech industries in an innovation ecosystem.

4) Gaps in the Literature: Previous work indicated the importance of the innovation ecosystem for the development of
enterprises and even industries. Integrated knowledge and resources can generate even more value than participants can create
separately. Participants from different fields can generate unexpected value by connecting and cooperating within the innovation
process. The distribution of resources and knowledge allows for the flow of innovative ideas between universities, firms,
communities, users, and governments. These entities may then operate together as a comprehensive innovation ecosystem.
However, previous work did not consider the various factors and their relationships with high-tech industries in an innovation
ecosystem.

B. System Dynamics (SD)

1) Method Design of SD: Malczyk and Fraczek proposed a new parallel algorithm to simulate dynamics in general multibody
systems [21]. Nunes et al. applied a dimensionless simplified mathematical model of a vapor compression refrigeration system to
optimize the SD response [22]. Further, Rad and Rowzan proposed a hybrid SD model plan. This plan controlled the progress of
a project portfolio while maximizing strategic adaptations subject to changes in human resources [23].

2) Application of SD to Practical Problems: Fan and Ding introduced a frequency-adaptive methodology in power SD studies
to solve the slow simulation speeds of the Electromagnetic Transients Program [24]. Further, Jiang et al. [25] adopted SD to
analyze the stability of the three-parties evolutionary game model for the online group-buying market. They obtained effective
regulation strategies that can promote the healthy development of the group-buying market.

3) Application of SD to Sustainable Development: Bach et al. showed that SD modeling has a wide range of applications in
urban sustainability [26]. Li et al. forecasted the sustainable development of green space in Beijing based on real-world policies
[27]. The historical development of sustainable green space increased to its highest level in 2012 but declined slightly by 2015.
Santiago-Garcia et al. developed a dynamic growth and yield timber system for sustainable forest management [28]. Barati,
Azadi, and Scheffran develop a smart groundwater governance model. This model assisted policy and decision-makers to
understand the short and long-term impacts of their actions, plans, and policies [29]. The study determined the best strategy to
address the situation and to govern groundwater resources more intelligently. Thirupathi, Vinodh, and Dhanasekaran built a
suitable SD model to identify areas required for sustainable improvement in an automotive component manufacturing
organization [30].

4) Gaps in the Literature: There has been little work on the use of SD to study the innovation ecosystem.

C. High-Tech Industry

1) Technology Transfer [31][32]: Some projects have described technology transfer networks as interorganizational
innovation systems. This perspective arises from the practice of internal innovation generation with residual control of
organizational resources [33]. For most of American history, professional knowledge was generated by universities [34]. High-
tech instruments and technologies, on the other hand, were separate. For example, aerospace science and technology were
controlled by the National Aeronautics and Space Administration (NASA).

2) International Collaborations: Swed and Butler described the accumulation of military capital during military service. As
veterans, these former soldiers become employees in the high-tech sector [35]. Hu discussed the influence of international trade
on the innovation capacity of the Chinese high-tech industry. They showed that international trade had a positive effect on
technological innovation capacity. The influence of imports was stronger than that of exports [36].

3 Improving Labor Performance: He and Fallah investigated 15 high-performing metropolitan-based clusters in the United
States. They concluded that the real-world clusters rarely featured any single typology; a mixed typology was much more
prevalent [37]. Wu et al. showed that an eight-week outdoor brisk walking program significantly improved fatigue among
employees of the high-tech industry [38].

4) Gaps in the Literature: Few studies have analyzed the innovation ecosystem in the high-tech industry by SD. Further, the
relationships between governments, universities, and high-tech enterprises in the innovation ecosystem need to be analyzed.



D. Addressing Gaps in the Literature:

This paper bridges the three streams of research discussed in this section, the innovation ecosystem, SD, and the high-tech
industry. We show various factors and their relationships with the important abilities of the ecosystem. Moreover, this work
proposes strategies to improve the effectiveness of the innovation ecosystem.

Our work differs from previous studies in that we take stakeholders, their resources, and the flow of knowledge into account.
We do so while focusing on the innovation ecosystem of the high-tech industry. Further, we analyze the dynamics of the four
essential abilities for the innovation ecosystem. Finally, we provide suggestions for the development of the high-tech innovation
ecosystem.

III. INNOVATION ECOSYSTEM MODELING WITH SYSTEM DYNAMICS

We have described the many parties and their roles related to the high-tech space industry within an innovation ecosystem
[39][40]. These individual events interact with each other as a series of decisions and consequences [41]. Innovators should
conceive of these individual decisions and their interactions as a coherent system. In doing so, innovators can get a better
understanding of the mechanisms and dynamics of the innovation ecosystem, from micro- to macro-levels.

SD is a simulation modeling method based on the feedback control theory. The SD approach is suitable for studying complex
problems are systems, such as sustainable development over extended periods. It has been used for analysis, decision-making,
and policy formation in several applications and systems (e.g., industrial, healthcare-related, environmental, and demographic).

SD is also commonly used to analyze business and innovation ecosystems. It reveals ecosystem structure and graphs
relationships and interactions within the ecosystem. Due to the complexity and the diversity of the innovation ecosystem, the SD
model can be used to examine relationships and synergistic actions within the innovation ecosystem. The SD research framework
for this paper shown in Fig. 1.
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A. SD Ecosystem: Models of Two Space Instruments

In this section, we analyze the innovation ecosystem using SD diagrams at the macro and micro levels.

1) Macro-Level: We use the innovation flow of product development using the space instruments’ development process. This
process includes concept development, system-level design, detail design, testing and refinement, and production [42]. This
general product development model summarizes the process from the birth of an innovative idea that can satisfy a user’s needs to
the final implementation of the innovation product [43]. A representation of the macro-level SD of the innovation ecosystem is
shown in Fig. 2.

In Phase 1, user requirements, the innovators in the forceps case study were a scientist and dentist. They observed the
opportunity to develop space instruments for space agencies. The requirements of the products that could be satisfied through
proper innovation and technological development.

Phase 2 is functionality development. Innovators develop an innovative idea using resources and technology. The idea is
transformed to fulfill the space agency’s requirements and needed functions.

Phase 3 is attribute development. Details like the features and shape of the product are developed through technical and
physical design. The technology is optimized, and resources transformed.

In Phase 4, prototyping, the prototype of the product is manufactured and tested. By identifying the scope for improvement,
the prototype is redesigned and refined to satisfy the needs of the space agency's missions.

In Phase 5, the final product, the product procedures through final testing. It is ready for launch after the optimization of
parameters, which is the final adjustment.

In Phase (6), implementation, the innovative product is launched with space missions. The users’ feedback and the subsequent
reviews of the instruments provide innovative concepts for the development of the next generation.
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2) Micro-Level: There are risks in the innovation ecosystem  the resilience of four key abilities to risk. Te
for any project. Thus, in our SD diagram (Fig. 3), we examine
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B. Evolution of the Innovation Ecosystem

A sustainable science and innovation ecosystem is made up of numerous complementary and diversified elements [44]. The
development of the project and the ecosystem are a joint effort between the participants and the ecosystem itself.

During the Mars Rock Corer innovation process, participants from the government, space agency, and university created
value. They integrated their own knowledge and resources to ensure the success of the larger project. The project garnered
attention from around the world. It also attracted a broader group of potential collaborators from the Russian Space Agency, the
ESA, and the CNSA. It grew from a small group of innovators to hundreds around the world.

SOPSYS was the next national aerospace project after the Mars Rock Corer. The development of the SOPSYS innovation
ecosystem was pioneering. As with the innovation ecosystem of the corer, three overlapping stakeholders shared the credit for
fostering the innovation. The innovation of these space instruments led to further collaboration between PolyU and the
government in space instrumentation and space-used materials. The Phobos-Grunt mission eventually failed and crashed back to
Earth in 2012. The innovative concept and the successful development of the SOPSYSS, however, are irreplaceable and contribute
to efforts for the future.

For our analyses, we assume a general dynamic of innovation ecosystem growth with overshoots and exponential growth
models. The basic model is shown in the following two figures (Fig. 4 and Fig. 5).
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IV. SIMULATION AND ANALYSIS

We used SD to study the relationships and interactions between participants in the innovation ecosystem [46]. Based on the
above analysis, we considered the three stakeholders (Section IIIA and Fig. 3).

The model parameters are: simulation period is 12 months; INITTALTIME=0; FINAL TIME=12; TIME STEP=0.25. The
model consists of nine external variables, six intermediate variables, five state variables, and six rate variables. Arrows indicate
the correlation between variables. The variables are shown in Table 1.

TABLE 1
THE INITIAL VALUES OF VARIABLES IN SD MODEL
Variable Variable name Equation
type
Individual Individual knowledge level €[0,1]
knowledge (0: individual knowledge low;
1: individual knowledge high)
Feedback from Feedback efficiency level €[0,1],
previous cases (1-4: feedbacks efficiency low;
1 feedbacks efficiency high)
PolyU project team Provides R&D expense, technology
support, and patent applications
Local government Provides government support,
External machine & hardware construction,
R&D expense, and promotes
innovation ability
European Space Provides aerospace knowledge
Agency (ESA)
Risk factor 2
Redesign costs 0.4
Software 0.35
infrastructure
Political and 0.3
economic changes
R&D expense (1/4)* government support+(1/4)*
PolyU project team support
Machines&hardware  (1/4)* government support
. Aerospace From ESA
Intermedi
ate knowledge
Patent applications (1/4)* PolyU project team support
Government support  (1/4)* government support
Lack of technology 0.6-0.01* PolyU project team
support
ARef (Refinement ARef change rate* feedback from
& improvement previous cases *R&D expense
ability)
AD&D (Design and ~ AD&D change rate* patent
development ability)  applications
State ARdI (Redesign and ~ ARdI change rate* software
improvement infrastructure
ability)
Ain (Innovation 1- lack of technology+ Aln change
ability) rate+(1/4)* government support
Resilience process Trigger efficiency rate* risk factor
ARef and (1-(1/2)* risk change rate)* (1/4)*
improvement aerospace knowledge
change rate
AD&D change rate Ability of refinement and
improvement *machines&hardware*
(1-(1/2)* risk change rate)* (1/4)*
aerospace knowledge
Aln change rate ARdI* individual knowledge*(1-
Rate (1/2)* risk change rate)* (1/4)*

aerospace knowledge

ARdI change rate (1- re-design costs)* patent
applications *(1-(1/2)* risk change
rate)* (1/4)* aerospace knowledge

Trigger efficiency (1/2)* political and economic

rate changes

Risk change rate

(1/3)* resilience process- (1/4)*
government support




We set these values to sensitivity analysis. For simplified analysis, the simulation values do not represent the actual values.

For the SD model, dynamics diagrams describe how participants and their actions shape ecosystem dynamics. We first
simulate the scenario without innovation collaboration. In this scenario, there is no government, and the PolyU project team
support is a benchmark (S1). The simulation results of the four abilities are shown in Fig. 6.
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Fig. 6. The scenario without innovation collaboration. S1: PolyU support.

The four abilities can represent the development of the innovation system. As shown in Fig. 6, ARef and AD&D increase,
then decrease. ARdI and Aln gradually increase over time. ARef peaked highest across the four kinds of abilities, followed by
AD&D, Aln, and ARdI.

With the innovation ecosystem running, the high-tech innovation ecosystem faces risks. When there is no innovation
collaboration (Fig. 6), ARef and the AD&D are affected by risks. Moreover, because of the risk, these two abilities eventually
are reduced to zero. In this scenario, the innovation system is in a poor state. R&D expenses, the ESA, and spending on machines
and hardware are useless without the innovation ecosystem and do not promote the development of innovation systems. The
ARdI and Aln are less affected by risks; the resilience process can protect these two capabilities from risk.

We then simulated the scenario with the presence of innovation collaboration. Government and PolyU support are compared
to no innovation collaboration: S1 (no innovation collaboration), S2 (government support), and S3 (PolyU support). The four
abilities are shown in Figs. 7, 8, 9, and 10.
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Fig. 7. The evolution of the ability of design and development (AD&D).

Compared to no innovation collaboration (S1), AD&D increases in a high-tech innovation ecosystem innovation with
government support (S2) or PolyU support (S3). Moreover, AD&D is not affected by risk. The innovation ecosystem can,
therefore, resist risk under innovation collaborations.

Next, we elaborate the reason for the results. PolyU project team and Government can provide some supports to accelerate the
innovation from the most fundamental part. PolyU project team provides the R&D expense, technology support and patent
applications. Government provides R&D expense, government support and machines & hardware construction. Furthermore, the
development of ability of design and development needs some theoretical foundation, specialized knowledge and well-trained
skills. Thus, PolyU project team and government can improve the ability of design and development in the innovation ecosystem
of high-tech innovation.



Both the PolyU project team and government provide R&D expense. The different of them are technology support, patent
applications and machines & hardware construction. Nonetheless, the PolyU project team have a much bigger influence to
improve the ability of design and development. Thus, we can clearly know technology support and patent applications dominate
machines & hardware construction to the enhancement of the ability of design and development.
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Fig. 8. The evolution of the redesign and improvement ability (ARdI).

Compared with no innovation collaboration (S1), ARdI increases with an innovation collaboration (Fig. 8). Moreover, the
PolyU project team has a more considerable influence on improvements to ARdI.
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Fig. 9. The evolution of the ability of refinement and improvement (ARef).

Compared with no innovation collaboration (S1), ARef increases when the collaboration exists. Moreover, government
support has a much larger influence on improvements to ARef (Fig. 9).
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Compared with no innovation collaboration (S1), Aln increases when the innovation collaboration exists. Moreover,
government support has a much larger influence on improvements to Aln.

V. DISCUSSION AND RECOMMENDATIONS
A. Principal Findings

In the innovation ecosystem, collaborations resisted risk. In SD models without the innovation collaboration, all four abilities
were affected by risk. Further, the resilience process could not resist risk. Innovation collaborations develop resistance to risk
disturbances that would otherwise cause failure. The collaborations help the innovation process to resume normal activity easily
and quickly within an innovation ecosystem.

B. Impact of Support

Unlike business innovation ecosystems, PolyU support had a more substantial influence on improvements to AD&D in the
high-tech innovation ecosystem. PolyU and the government can provide support that fundamentally accelerates innovation.
Universities can provide R&D expenses, technology, and patent applications. The government can also provide R&D expenses,
government support, and machine and hardware construction. Furthermore, the development of AD&D requires theoretical
foundations, specialized knowledge, and training. Thus, support from PolyU and the government improved AD&D in our model.

Both PolyU and the government provided R&D expenses. The difference between them was technology support, patent
applications, and machines and hardware construction. Nonetheless, PolyU had a larger influence on AD&D. Thus, technology
support and patent applications are more important than machine and hardware construction for AD&D.

The reasons for the impact of support on ARdI and Aln are similar to AD&D. Technology support and patent applications are
more important than government support and machines and hardware construction for ARdI.

In the innovation ecosystem, the innovation collaboration, including the European Space Agency, government support and the
PolyU project team support are very important to resist the risk. Without the innovation collaboration, all four abilities will be
affected by risks, and resilience process cannot well resist risks. Innovation collaboration is such a way as to continuously
develop the resistance of the relevant process to risk disturbances that can be sources of major failures. The innovation
collaboration helps the innovation process to resume its normal activity easily and quickly for an innovation ecosystem.
Government support and the PolyU project team support also have different impacts on the four abilities. Thus, we should focus
on different aspects to develop different capabilities in the innovation ecosystem. If fostering the AD&D or ARdI is a top
priority, the research team should be given support for technology and patent applications. If the ARef and Aln are the top
priority, however, the government should invest in machine and hardware construction.

VI. CONCLUSION

A thriving high technology-oriented innovation ecosystem can help the industry to exploit major projects, improve innovation,
and develop advanced technology. This study developed an integrated framework to explore the innovation ecosystem. We
demonstrated that the innovation process is an integrative and relevant process shared by multiple stakeholders.

There are three important contributions of our work. First, it provides a comprehensive analysis of the innovation ecosystem
of the high-tech industries. We initially constructed the elements of the innovation ecosystem. We included stakeholders, their
resources, and the flow of knowledge in the high-tech industry. We used the innovation process of two high-tech instruments,
then examined the dynamics using SD. This paper develops the SD model from theoretical and practical perspectives. By
formalizing the feedback dynamics with the SD model, this study constructed an evolving, well-developed innovation
ecosystem.

The innovation processes, governments, universities, related institutions are considerably different across sectors. Therefore,
future policy needs to focus on the cooperation among them, considering building the above four abilities to resist the risks.

We believe there are three important contributions of our work. First, it is a relatively comprehensive analysis for the
innovation ecosystem of the hi-tech industries. Specially, we initially construct the elements of the innovation ecosystem
including variety of stakeholders and their resources and knowledge flows in hi-tech industry by the analysis of the innovation
process of two high-tech instruments including the Mars Rock Corer and Soil Preparation System, and then we examine the
dynamic for an innovation ecosystem by using system dynamics. Second, we analyzed the four important abilities for high-tech
industries in an innovation ecosystem. We introduced SD into the analysis of the innovation ecosystem of the high-tech
industries. Through the analysis of the four important abilities, we obtained meaningful recommendations that clarified the
incentives for all the stakeholders. The findings support the importance of strategic flexibility within governments, universities,
and space agencies.

Finally, managerial insight was obtained. This can guide high-tech industries to make more efficient innovation ecosystems in
the future.

Future research could occur in several directions. First, private companies can provide leading-edge technology, design, and
practical experience. This also constitutes the technology optimization-and-product implementation layer of the innovation
ecosystem. Thus, it is necessary to account for private companies in a dynamic system. Such a model of the innovation system
would be more complex and interesting. Second, future research could consider the bounded rationality of governments,



universities, and related institutions. It could test causality through experimental design to further explore the interaction of
innovation systems.

Innovation collaborations help the innovation process to resume its normal activity easily and quickly in the face of risk. The
innovation processes, governments, universities, related institutions are different across sectors. Therefore, future policy needs to
focus on the cooperation among them and building the four primary abilities to resist risk.

REFERENCES

[1]  M.R.Marvel, P. C. Patel, “Self-leadership and overcoming the time resource constraint: Accelerating innovation for new products,” IEEE Transactions on
Engineering Management, vol. 65, no. 4, pp. 545-556, 2018.

[2]  H. Guo, R. Shen, and Z. Su, “The impact of organizational legitimacy on product innovation: A comparison between new ventures and established firms,
IEEE Transactions on Engineering Management, vol. 66, no. 1, pp. 73-83, 2019.

[3] V. Nedic, D. Despotovic, S. Cvetanovic, M. Despotovic, and M. Eric, “Innovation of IT metasystems by means of event-driven paradigm using QDMS,”
Enterprise Information Systems, vol. 10, no. 8, pp. 893-910, 2016.

[4] D. Yoon, “The policy research of preliminary feasibility study for the government R&D innovation strategy,” International Journal of Engineering
Business Management, vol. 10, pp. 1-11,2018.

[51 J.R.Brown, and G. Martinsson, “Does transparency stifle or facilitate innovation?” Management Science, vol. 65, no.4, pp. 1600-1623, 2019.

[6] C. Tsinopoulos, J. Yan, and C. M. P. Sousa, “Abandoning innovation activities and performance: The moderating role of openness,” Research Policy, vol.
48, no. 6, pp. 1399-1411, 2019.

[7] M. Hagan, “Participatory design for innovation in access to justice,” Daedalus, vol. 148, no. 1, pp. 120-127, 2019.

[8] C. Custodio, M. A. Ferreira, and P. Matos, “Do general managerial skills spur innovation?”, Management Science, vol. 65, no.2, pp. 459-476, 2019.

[91 Z.Chu,J. Xu, F. Lai, and B. J. Collins, “Institutional theory and environmental pressures: The moderating effect of market uncertainty on innovation and
firm performance,” IEEE Transactions on Engineering Management, vol. 65, no. 3, pp. 392-403, 2018.

[10] Su, Z., and H. Yang, “Managerial Ties and Exploratory innovation: An opportunity-motivation-ability perspective,” IEEE Transactions on Engineering
Management, vol. 65, no. 2, pp. 227-238, 2018.

[11] L. G. Branstetter, M. Drev, and N. Kwon, “Get with the program: software-driven innovation in traditional manufacturing,” Management Science, vol. 65,
no. 2, pp. 541-558, 2019.

[12] K.M.Y.Law, A. K. W. Lau, and W. H. Ip, “What drives success in product innovation? Empirical evidence in high-tech and low-tech manufacturers in
China,” International Journal of Technology Management, vol. 79, no. 2, pp. 165-198, 2019.

[13] J. Mihm, and J. Schlapp, “Sourcing Innovation: On Feedback in Contests,” Management Science, vol. 65, no. 2, pp. 559-576, 2019.

[14] T. Beliaeva, M. Ferasso, S. Kraus, and E. J. Damke, “Dynamics of digital entrepreneurship and the innovation ecosystem,” International Journal of
Entrepreneurial Behavior & Research, vol. 26, no. 2, pp. 266-284, 2020.

[15] N. Feng, C. Fu, F. Wei, Z. Peng, Q. Zhang, and K. H. Zhang, “The key role of dynamic capabilities in the evolutionary process for a startup to develop into
an innovation ecosystem leader: An indepth case study,” Journal of Engineering and Technology Management, vol. 54, pp. 81-96, 2019.

[16] 1. P. Davis, “The group dynamics of interorganizational relationships: Collaborating with multiple partners in innovation ecosystems,” Administrative
Science Quarterly, vol. 61, no. 4, pp. 621-661, 2016.

[17] K. Fukuda, “Science, technology and innovation ecosystem transformation toward society 5.0,” International Journal of Production Economics, vol. 220,
2020.

[18] X. He, and W. Zhou, “A classified evaluation of innovation ecosystem cooperativity of regional hi-tech industries,” Studies in Science of Science, vol. 36,
no.3, pp. 541-549, 2018.

[19] A. Beltagui, A. Rosli, and M. Candi, “Exaptation in a digital innovation ecosystem: The disruptive impacts of 3D printing,” Research Policy, vol. 49, no.
1, pp. 1-16,2020.

[20] S. Pekkarinen, O. Tuisku, L. Hennala, and H. Melkas, “Robotics in finnish welfare services: dynamics in an emerging innovation ecosystem,” European
Planning Studies, pp. 1-21, 2019.

[21] P. Malczyk, and J. Fra, czek, “A divide and conquer algorithm for constrained multibody system dynamics based on augmented Lagrangian method with
projections-based error correction,” Nonlinear Dynamics, vol. 70, no.1, pp. 871-889, 2012.

[22] T. K. Nunes, J. V. C. Vargas, J. C. Ordonez, D. Shah, and L. C. S. Martinho, “Modeling, simulation and optimization of a vapor compression refrigeration
system dynamic and steady state response,” Applied Energy, vol. 158, no. 22, pp. 540-555, 2015.

[23] F. H. Rad, and S. M. Rowzan, “Designing a hybrid system dynamic model for analyzing the impact of strategic alignment on project portfolio selection,”
Simulation Modelling Practice and Theory, vol. 89, no. 10. pp. 175-194, 2018.

[24] S. Fan, and H. Ding, “Time domain transformation method for accelerating EMTP Simulation of Power system dynamics,” IEEE Transactions on Power
Systems, vol. 27, no. 4, pp. 1778-1787, 2012.

[25] Z.Z.Jiang, N. He, X. Qin, W. H. Ip, C. H. Wu, and K. L. Yung, “Evolutionary game analysis and regulatory strategies for online group-buying based on
system dynamics,” Enterprise Information Systems, vol. 12, no. 6, pp. 695-713,2018.

[26] M. P. Bach, E. Tustanovski, A. W. H. Ip, K.-L. Yung, and V. Roblek, “System dynamics models for the simulation of sustainable urban development: A
review and analysis and the stakeholder perspective,” Kybernetes, vol. 49, no. 2, pp. 460-504, 2019.

[27] F. Li, Y. Sun, X. Li, X. Hao, W. Li, Y. Qian, H. Liu, and H. Sun, “Research on the sustainable development of green-space in Beijing using the dynamic
systems model,” Sustainability, vol. 8, no. 10, pp. 965, 2016.

[28] W. Santiago-Garcia, E. Pérez-Lopez, G. Quifionez-Barraza, G. Rodriguez-Ortiz, E. Santiago-Garcia, F. Ruiz-Aquino, and J. C. Tamarit-Urias, “A dynamic
system of growth and yield equations for pinus patula,” Forests, vol. 8, no. 12, pp. 465, 2017.

[29] A. A. Barati, H. Azadi, and J. Scheffran, “A system dynamics model of smart groundwater governance,” Agricultural Water Management, vol. 221, no. 11,
pp. 502-518, 2019.

[30] R.M. Thirupathi, S. Vinodh, and S. Dhanasekaran, 2019, “Application of system dynamics modelling for a sustainable manufacturing system of an Indian
automotive component manufacturing organisation: a case study,” Clean Technologies and Environmental Policy, vol. 21, no.5, pp. 1055-1071, 2019.

[31] G. Ferraro, and A. Iovanella, “Choreography in inter-organizational innovation networks,” Computer Science, vol. 2, pp. 2—4, 2014.

[32] F.Xhafa, and A. W. H. IP, “Optimisation problems and resolution methods in satellite scheduling and space-craft operation: A survey,” Enterprise
Information Systems, Latest article, pp. 1-24, 2019.

[33] M. Ebers, and J. C. Jarillo, “Preface: The construction, forms, and consequences of industry networks,” International Studies of Management and
Organization, vol. 27, no. 4, pp. 3-21, 1997.

[34] X.Liu, D. Li, N. Dong, W. H. IP, and K. L. Yung, “Non-cooperative target detection of spacecraft objects based on artificial bee colony algorithm,” /EEE
Intelligent Systems, vol. 34, no. 4, pp. 3-15,2019.

2



[35]
[36]

[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[43]

[46]

O. Swed, and J. S. Butler, “Military capital in the Israeli hi-tech industry,” Armed Forces and Society, vol. 41, no.1, pp. 123-141, 2015.

P. Hu, “The influence of international trade on Chinese technology innovation capacity of hi-tech industry,” Proceedings of the 2016 international
conference on humanities and social science, vol. 33, pp. 627-635, 2016.

J. He, and M. H. Fallah, “The typology of technology clusters and its evolution-Evidence from the hi-tech industries,” Technological Forecasting and
Social Change, vol. 78, no. 6, pp. 945-952. 2011.

L. L. Wu, K. M. Wang, P. L. Liao, et al., “Effects of an 8-Week outdoor brisk walking program on fatigue in hi-tech industry employees: A randomized
control trial,” Workplace Health & Safety, vol. 63, n0.10, pp. 436-445. 2015.

M. Reimann, Y. Xiong, and Y. Zhou, “Managing a closed-loop supply chain with process innovation for remanufacturing,” European Journal of
Operational Research, vol. 276, no. 2, pp. 510-518, 2019.

J.-F. Chang, N. Dong, W. H. IP, and K. L. Yung, “An ensemble learning model based on Bayesian model combination for solar energy prediction,” Journal
of Renewable and Sustainable Energy, vol. 11, no. 4, pp. 043702, 2019.

X. Liu, D. Li, N. Dong, W. H. IP, and K. L. Yung, “Noncooperative Target Detection of Spacecraft Objects Based on Artificial Bee Colony Algorithm,”
IEEE Computer Society, vol. 34, no. 4, pp. 3-15, 2019.

A. Karlsson, L. Larsson, and A. O. Rénnbick, “Product-service system innovation capabilities: linkages between the fuzzy front end and subsequent
development phases,” International Journal of production Research, vol. 56, no. 6, pp. 2218-2232, 2018.

S.- M. Ko, and K. -L. Yung, “Function deployment model for continuous and discontinuous innovation product development,” International Journal of
Innovation and Technology Management, vol. 3, no. 1, pp. 107-128, 2006.

B. Ozcan, S. J. Neggers, A. R. Miller, et al., “Does des-acyl ghrelin improve glycemic control in obese diabetic subjects by decreasing acylated ghrelin
levels?” European Journal of Endocrinology, vol. 170, no. 6, pp. 799-807, 2014.

K. -L. Yung, C. W. Lam, S. M. Ko, and J. A. Foster. “The Phobos-Grunt microgravity soil preparation system.” Acta Astronautica, vol. 141, pp. 22-29,
2017

X. Huang, and R. Chi, “Innovation in China’s high-tech industries: barriers and their impact on innovation performance,” International Journal of
Technology Management, vol. 62, no. 1, pp. 35-55, 2013.



	I. INTRODUCTION
	II. Literature Review
	A. Innovation Ecosystem
	B. System Dynamics (SD)
	C. High-Tech Industry
	D. Addressing Gaps in the Literature:

	III. Innovation ecosystem modeling with System dynamics
	A. SD Ecosystem: Models of Two Space Instruments
	B. Evolution of the Innovation Ecosystem

	IV. Simulation and analysis
	V. Discussion and Recommendations
	A. Principal Findings
	In the innovation ecosystem, collaborations resisted risk. In SD models without the innovation collaboration, all four abilities were affected by risk.  Further, the resilience process could not resist risk. Innovation collaborations develop resistanc...
	B. Impact of Support

	VI. Conclusion
	References



