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Abstract 
In the past, research on the effect of external resource integration on tech-
nological innovation focused on product innovation, and process innovation 
was largely ignored due to its silence. The study takes the high-tech manu-
facturing industry in China’s Bohai Rim, Yangtze River Delta and Pearl River 
Delta regions as a sample, and empirically analyzes the impact of government 
support, industry-university-research knowledge integration, and customer 
knowledge integration on corporate process innovation. The study found 
that: 1) government support can significantly promote process innovation, 
industry-university-research knowledge integration, and improve corporate 
performance. 2) The industry-university-research knowledge integration has 
a relatively significant positive impact on process innovation, but has no sig-
nificant impact on firm performance. 3) Customer knowledge integration 
negatively affects process innovation and has no significant impact on firm 
performance. 
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1. Introduction 

Innovation is critical to the survival and development of a company. Enterprise 
innovation is usually divided into product innovation and process innovation. In 
order to obtain and maintain competitive advantage, enterprises often need to 
have both innovation capabilities [1] [2]. In the existing innovation literature, a 
large amount of research has focused on product innovation. In contrast, process 
innovation has been largely ignored [3]; research on process innovation needs to 
attract enough attention from researchers. Lim et al. (2010) [4] pointed out 
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process innovation can also have a positive impact on firm performance, espe-
cially for manufacturing companies, where the development and production of 
new products are inseparable from process technology innovation; Hatch and 
Mowery (1998) [5] and Hung and Norma (2018) [6] further pointed out that 
process innovation has more advantages than product innovation, because it is 
difficult to be observed and imitated by competitors. In, due to the different in-
ternal mechanisms between process innovation and product innovation, relevant 
research results of product innovation cannot be directly applied to process in-
novation [7] [8]. Therefore, research on the theme of process innovation has 
important theoretical significance. 

The company’s innovation production is mainly carried out in two ways: one 
is the internal research and development of the enterprise, that is, the process of 
“creative destruction”, which is achieved by “recombining” the production fac-
tors and production conditions inside the enterprise [9]. The second is that en-
terprises make full use of their external resource elements for innovative pro-
duction, such as seeking government R&D support, interacting with universities 
and research institutions, etc. [10] [11]. Compared with internal R&D, external 
channels can not only effectively compensate for the shortage of innovation re-
sources, reduce the risk of technological innovation, but also help companies to 
understand and grasp external information in a timely manner and maintain the 
cutting-edge advancement of innovation results. Especially, in the situation of 
increasing shortage of innovation resources and increasingly fierce market compe-
tition, opening up innovative processes and gaining insights from people and in-
stitutions outside the company has become the consensus. Actively seeks and 
utilizes external Resource elements have also become an important strategic way 
for enterprises to enhance their technological innovation capabilities. However, 
due to the confidentiality of process technology and process management, en-
terprises are more inclined to adopt “closed door” to improve processes and 
technologies or to purchase and update production equipment for process in-
novation. According to Parida et al. (2017) [12], this greatly limits the depth and 
breadth of the company’s technological innovation. 

Through combing the process innovation literature, we find that the current 
research on process innovation mainly focuses on the following aspects: First, 
focus on the motivation of process innovation, such as Yang Zhuo et al. (2016) 
[13], Murat and Baki (2011) [14], Tian Hongna (2012) [15] research on factors 
affecting process innovation from product innovation, organizational collabora-
tion, and environmental protection; second, focus on the effects of implement-
ing process innovations, such as cost savings, improved product delivery speed, 
and improved ecological performance [16]; Third, focus on individual case stu-
dies, summarizing the experience and lessons of process innovation around the 
specific process innovation path and practice of the enterprise, such as Li Xian-
jun et al. (2016) [17], Mo Yanjun (2014) [18] and other research. Through lite-
rature review and analysis, we find that the existing research is limited to the 

https://doi.org/10.4236/ojbm.2019.72050


M. M. Ding, X. Q. Huang 
 

 

DOI: 10.4236/ojbm.2019.72050 757 Open Journal of Business and Management 
 

process innovation from the perspective of internal independent innovation, and 
even treats process innovation as an auxiliary process of product innovation, and 
lacks the perspective of obtaining from external resources. Krishnan and Jha, 
(2011) also emphasize that process innovation and innovation play an important 
role in connecting internal and external resources to produce superior results. 

Based on this, this study will focus on the external approaches to enterprise 
technology innovation. Based on systematically examining the actual process of 
enterprise process innovation, we focus on three types of external approaches: 
government support, industry-university-research cooperation, and customer 
knowledge management. Among them, the government’s support for enterprise 
technology innovation is reflected in government policies, funds, plans and oth-
er measures to make up for the lack of innovation elements. The industry-uni- 
versity-research knowledge integration refers to the interaction with innovative 
institutions such as universities and research institutions. Customer knowledge 
integration is the degree to which an enterprise acquires and integrates know-
ledge from its customers. This study attempts to clarify the mechanism of gov-
ernment support, industry-university-research knowledge integration, and cus-
tomer knowledge management on enterprise process innovation, and through 
empirical research, analyze these impact, so as to provide reference for Chinese 
enterprises to better use external channels to organize innovative production, 
and thus promote the smooth construction of innovative countries. 

The structure of the article is as follows: The next section proposes the re-
search hypothesis of the conceptual model based on the relevant theoretical basis 
and influencing mechanism. The third section introduces the research design of 
this study, including sample selection, data collection, and measurement of va-
riables. The fourth section reports the reliability and validity analysis results of 
the questionnaire data, and uses the structural equations for path analysis and 
testing. In the final part, we discuss and analyze the results of empirical research, 
and propose the limitations of the article and future research directions. 

2. Theoretical Background and Research Hypothesis 
2.1. Government Support and Process Innovation,  

Corporate Performance 

Firstly, based on the perspective of institutional theory, corporate strategies are 
driven by heterogeneous resources owned by firms [19], and are also influenced 
by formal and informal institutions [20] [21]. The institutional framework de-
fines the scope and manner for enterprises to acquire resources. One is that the 
government plays a key role in resource allocation. The government supports 
have an impact on corporate sustainability and technological innovation through 
financial subsidies, policy loans, tax incentives, legal and regulatory services, in-
tellectual property protection, industry technology research and development 
public platform construction, industry technical standards services, industry 
public information services, and training services [22]. In turn, Enterprises that 
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have obtained government support are also equivalent to obtaining the invisible 
trust of the government, and the corporate reputation can be further enhanced, 
which inevitably promotes the value-added for enterprises. Furthermore, enter-
prises are more likely to acquire, agglomerate and integrate innovative resources, 
so that they can promote the implementation of innovation strategies, and im-
prove technological innovation capabilities. Secondly, government policies and 
plans determine the direction of corporate strategy development and implemen-
tation [23], which has a significant impact on the company’s ongoing operations 
and long-term profitability. Based on China’s national conditions, the historical 
track of economic system reform shows that although the power of the market 
economy is becoming more prominent, the Chinese government’s decision- 
making power in formulating policies, allocating resources, and approving 
projects cannot be ignored [24], and we must pay attention to the Chinese 
economy and should pay attention to the close interaction between government 
and enterprises in China’s economic transformation [25] [26]. 

To develop quality and speed of the economy, process innovation is a key link. 
The government has an important influence on the direction, speed and scale of 
technological innovation [27]. Through specific policies and programs, the gov-
ernment provides additional resources to companies that meet government ex-
pectations, strengthens the willingness to foster technological innovation and 
optimizes innovation behavior [28]. In addition, from the perspective of innova-
tive features, process innovation is also characterized by high risks and high in-
vestment due to various inputs such as equipment, technology, raw materials, 
environment, and talents [29]. Government support effectively ease the pressure 
on corporate resources, improve stability, and reduce innovation risks [30]. 
Moreover, government support can directly increase the non-operating income 
of enterprises by reducing tax burden or increasing financial subsidies, so that 
enterprises have more financial strength to invest in business and innovation ac-
tivities. Based on this, we assume that: 

H1: Government support positively affects process innovation. 
H2: Government support positively affects corporate performance 

2.2. Industry-University-Research Knowledge Integration,  
Process Innovation and Enterprise Performance 

Many articles examining the relationship between innovation and knowledge 
show that knowledge is a pioneer in innovation [31] [32] [33]. The combination 
and creation of new knowledge is the key to innovation [34], and a higher level 
of knowledge will generate more innovation [35]. Process innovation is more in-
clined to internal orientation, characterized by gradual, systematic and tacit, 
however, by enterprises’ own strength, the ability in basic process technology, 
machinery and equipment is still limited [36]. It means that process innovation 
often requires cross-functional expertise. Universities and scientific research in-
stitutions can provide enterprises with a wide range of upstream knowledge of 
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knowledge chain. Through industry-university-research cooperation, enterprises 
can make up for their shortcomings and insufficient resources in innovation, 
and integrate the professional knowledge of members with different back-
grounds [37]. The integration of industry, university and research knowledge 
also provides an alternative knowledge of process innovation issues and solu-
tions, helping to achieve better solutions in high levels uncertainty and ambigui-
ty condition, and reducing the uncertainty of process innovation. In addition, 
industry-university-research cooperation can help companies to reflect on how 
they implement the process, and re-analyze the entire process from start to 
finish to seek to improve efficiency and improve product quality, which can en-
sure the company’s continued profitability and long-term development of. Based 
on this, we assume that: 

H3: Industry-university-research knowledge integration significantly posi-
tively affects process innovation. 

H4: Industry-university-research knowledge integration significantly affects 
corporate performance. 

2.3. Customer Knowledge Integration Process Innovation  
and Enterprise Performance 

In the past few decades, the position of customers in innovation has been suc-
cessfully transformed from passive recipients to active co-designers. Ernst 
(2002) [38] emphasizes that customer participation in the innovation process 
plays an important role in reducing uncertainty. Yang (2014) [39] also believes 
that customer knowledge creates social capital between customers and innova-
tive developers. Integrating customer knowledge means that the company al-
lows customers and their needs to be introduced into the innovation process 
[40], that is to say, innovative developers such as R&D teams apply customer 
knowledge including customer experience, perception, demand, expectations 
and preferences in conducting innovative activities [41]. Customer knowledge 
integration helps ensure ultimate customer acceptance and market adaptabili-
ty. Customer knowledge integration is not uncommon in product innovation 
[42] [43] [44] [45]. It also plays an important role in process innovation. The 
ultimate goal of process innovation is to enable companies to achieve cost-effec- 
tive product delivery [46] [47]. Companies that leverage customer knowledge 
are more likely to understand the different behaviors of their customers and 
gain insight into the underlying needs behind customer behavior. Combining 
customer knowledge helps companies improve their production processes for 
their target customers, improve the quality of deliverables, and shorten lead 
times. Kurkkio et al. (2011) [48] also pointed out that process innovation is 
not just a solution to the responsiveness of daily production, but a forward- 
looking vision to meet future challenges, and thus requires companies to gain 
knowledge and feedback from interactions with customers. Companies that 
engage in customer knowledge integration are more motivated and willing to 
maintain long-term relationships with their customers in order to seek the re-
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turn on their investment in process innovation. Customers benefit from process 
improvement and quality reduction and cost reduction, which in turn will also 
strengthen cooperation with companies. As interaction and communication of 
information and knowledge between enterprises and customers continue to 
deepen, the relationship of interests and satisfaction of cooperation will also be 
continuously improved. Ultimately, it will have an important impact on the 
growth of corporate performance. In general, the above supports the following 
assumptions: 

H5: Customer knowledge integration significantly positively affects process 
innovation. 

H6: Customer knowledge integration significantly positively affects business 
performance. 

2.4. Process Innovation and Financial Performance 

Process innovation focuses on “how work is done” in an organization. There-
fore, an important goal of process innovation is to improve operational efficien-
cy and quality. Process innovation plays a positive role in the efficiency and 
quality of production processes by reducing costs, increasing production, im-
proving product quality and stability, increasing market responsiveness, and 
promoting environmentally friendly and green production processes [49] [50]. 
Especially in mature markets that products tend to be homogeneous, to achieve 
higher market share and economic benefits, companies that focus on process 
innovation are more likely to have a competitive cost structure to manufacture 
and deliver products faster, more flexibly, and cheaper (Congden and Schroeder, 
1996) [51]. In addition, process innovation is often hidden within the organiza-
tion, and this concealment makes it difficult for competitors to understand and 
imitate [52], so the time and space for companies to add value first is main-
tained. Therefore, as a scarce, valuable, and difficult to imitate resource (Barney, 
1991), process innovation is considered to be a major source for creating sus-
tainable competitive advantage and improving organizational performance [52]. 
Based on this, we assume that: 

H7: Process innovation actively promotes corporate performance. 

2.5. Government Support and Industry-University-Research  
Knowledge Integration 

The theory of national innovation system believes that there is a wide interaction 
between universities and industry, and the government plays a direct or indirect 
intervention role in this interaction. The practical experience of innovation de-
velopment at home and abroad also shows that government support is an im-
portant force to promote the innovation and development of industry, academia 
and research [53] [54]. On the one hand, combined with the research of Arrow 
(1962) [55] and Tassey (2004) [56], the cooperation between industry, university 
and research is still essentially a knowledge production activity. The spillover 
characteristics of knowledge production make the industry-university-research 
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cooperation entities unable to enjoy the full benefits of the innovation results. 
Without external intervention, the actual results of the industry-university-research 
cooperation will be lower than the social optimal level, causing “market failure”. 
Government support can build an industry-university-research innovation plat-
form, formulate relevant legal norms, strengthen intervention and supervision of 
industry-university-research innovations, constrain the behavior of various sub-
jects, and reduce the “free-riding” phenomenon in the process of industry-uni- 
versity-research cooperation, thereby reducing the spillover of innovation results 
[57]. On the other hand, as a kind of knowledge production process, indus-
try-university-research knowledge integration requires a large amount of capital 
investment. If only relying on the cooperation of various entities to raise funds, 
it will be difficult to meet the needs of the innovation process. The government’s 
financial support for the innovation, can not only directly increase the scale of 
funds, but also attract more investment from industry-university-research entities, 
as well as related external funds, thus alleviating the tight capital situation in the 
process of industry-university-research cooperation [58]. Furthermore, intro-
ducing government supervision and support in the industry-university-research 
innovation platform, can establish a corresponding interest coordination and 
distribution mechanism, which helps to reduce the transaction costs of innova-
tion entities and the risk of collaborative innovation failure. As a Whole, we as-
sume that: 

H8: Government support significantly positively affects industry-university-research 
knowledge integration. 

3. Method 
3.1. Data Collection 

Our research is based on the high-tech enterprises in China’s manufacturing in-
dustry. High-tech enterprises have typical characteristics of technology-intensive 
and knowledge-intensive. They have strong sense of innovation, and have more 
active innovation activities, which is suitable as a sample to the research of en-
terprise process innovation. The samples come from China’s Pearl River Delta, 
Yangtze River Delta, and Bohai Economic Zone. They cover equipment manu-
facturing enterprises in eight industries, including biology and pharmaceuticals, 
computer and telecommunication equipment, chemicals, medical equipment, 
electronic and electrical equipment, industrial machinery, transportation equip-
ment, and new materials. After randomly selecting 5597 companies through the 
Yellow Pages of the Enterprise, we further removed the missing information and 
non-compliant enterprises, and 3218 companies remained. During the period 
from August to December in 2012, we collected 100 valid questionnaires through 
interviews and on-site interviews, and collected 200 valid questionnaires by 
means of mail questionnaires. We collected 300 questionnaires in total with a 
recovery rate of 12.61%. Since this study needs to explore the impact of indus-
try-university-research knowledge integration on process innovation, we further 
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screened the samples and eliminated the enterprises that did not have the indus-
try-university-research cooperation. The final available samples were 262.The 
sample distribution characteristics of the recovered samples are shown in Table 
1. 

3.2. Measurement 

In order to fully guarantee the reliability and validity of the measurement tools, 
we use the mature scale design questionnaire in the existing literature, and based 
on this, adjust the appropriateness according to the research objectives and con-
tent. This study used the Likert seven-level scale to measure the relationship be-
tween government support, industry-university-research knowledge integration, 
customer knowledge integration, process innovation, and firm performance. In 
addition, according to the existing research, this paper analyzes the production 
control variables of the enterprise scale, the industry where the enterprise is lo-
cated, and the enterprise. 

In order to fully guarantee the reliability and validity of the measurement tools,  
 

Table 1. Profile of sample firms. 

Statistic content Sample size Percentage (%) 

Industry   

Biology and pharmaceuticals 18 6.9 

Computer and telecommunication equipment 25 9.5 

Chemicals 48 18.3 

Medical equipment 25 9.5 

Electronics and electrical equipment 43 16.4 

Industrial machinery 44 16.8 

Transportation equipment 34 13 

New materials 25 9.5 

Ownership 
  

State-owned 89 34 

Privately owned 94 35.9 

Joint venture 41 15.6 

Foreign investment 38 14.5 

Employees’ number 
  

101 to 200 56 21.4 

201 to 300 53 20.2 

30 to 500 60 22.9 

501 to 1000 43 16.4 

1000 or more 50 19.1 

Total 262 100 
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we use the mature Likert seven-level scale design questionnaire in the existing 
literature, and based on this, adjust the appropriateness according to the re-
search objectives and content. Government supported measurement uses the 
scale design from Li and Atuahene-Gima (2001), focusing on the benefits of pol-
icies and plans, as well as technical support, financial support, and commercial 
licenses that companies receive from governments and related agencies. The 
measurement of industry-university-research knowledge integration focuses on 
the degree of acquiring and utilizing of knowledge from universities and re-
search institutions, using the scale of Yli-Renko et al. (2001). Similarly, the four 
measurement items of customer knowledge integration measure the extent to 
which a company acquires and utilizes customer knowledge. The measurement 
of process innovation is adapted from the scales of Tellis, Prabhu & Chandy 
(2009) to measure the company’s leading position in new process development 
and application. In addition, according to the existing research, we use the en-
terprise scale, the industry, and the enterprise ownership and the R&D invest-
ment as the control variables of process innovation. 

4. Analysis and Results 
4.1. Measurement Model 

First, a reliability test is performed. We used Cronbach’s α coefficient to measure 
internal consistency. According to Table 2, Cronbach’s α values ranged from 
0.833 to 0.884, both above the critical value of 0.70 [59]. At the same time, we 
can see that the value of the combined reliability is also higher than the critical 
value of 0.70. Based on this, we believe that the internal reliability of this study is 
good enough to pass internal consistency test. 

Validity tests for this study included content validity, convergence validity, 
and discriminant validity, and results are illustrated in the Table 3. For the con-
tent validity, on the basis of literature review in this research field, we invite re-
search experts and supply chain management personnel in the field to discuss, 
evaluate and adjust the scales which has been used by domestic and foreign 
scholars. It can be considered that the content validity of the scale is well guar-
anteed. In terms of convergence validity and discriminant validity, we use con-
firmatory factor analysis (CFA) to test. The results run by AMOS software shows 
that our model offers a good fit to the sample data: χ2 = 270.909, χ2/df = 1.513, FI 
= 0.909 > 0.900, NFI = 0.913, IFI = 0.969, TLI = 0.963, CFI = 0.968, RMSEA = 
0.046. In the test of convergence validity, most of the standard loadings are 
greater than 0.7, and only a few measurement items’ standard loading are be-
tween 0.6 and 0.7. At the same time, the AVE value of the five variables is be-
tween 0.560 and 0.652. The above results indicate that the scale has acceptable 
convergence validity. In the test of discriminant validity, as shown in the Table 
3, the AVE square root of each variable is greater than the correlation coefficient 
of the variable with other variables [60] [62], and results explains that variables 
have better Distinguish validity. 
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Table 2. Factor loadings of scale items (CFA factor analysis). 

Item Standardized loading 

Government support (Cronbach’s α = 0.846, C.R. = 0.853, AVE = 0.593) 

1) Implemented policies and programs that have been beneficial to your company’s operations. 0.718 

2) Provided needed technology information and technical support to your company. 0.838 

3) Played a significant role in providing financial support for your company. 0.813 

4) Helped your company to obtain licenses for imports of technology, manufacturing and other equipment. 0.702 

Universities and research institute’s knowledge integration (Cronbach’s α = 0.884, C.R. = 0.890, AVE = 0.621) 

1) We are able to obtain a tremendous amount of our technological knowledge from universities/research institutes. 0.801 

2) We rapidly respond to technological changes in our industry by applying what we know from universities/research 
institutes. 

0.831 

3) University/research institute’s technological knowledge has enriched the basic understanding of our innovation 
activities. 

0.851 

4) University/research institute’s technological knowledge has reduced the uncertainty of our innovation activities. 0.628 

5) University/research institute’s technological knowledge helps us to identify new aspects of innovation activities that 
would otherwise go unnoticed. 

0.809 

Customer’s knowledge integration (Cronbach’s α = 0.833, C.R. = 0.847, AVE = 0.589) 

1) We are able to obtain a tremendous amount of our product knowledge from customers. 0.885 

2) We rapidly respond to technological changes in our industry by applying what we know from customers. 0.893 

3) Customers’ technological knowledge has reduced the uncertainty of our innovation activities. 0.616 

4) Customers’ technological knowledge has enriched the basic understanding of our innovation activities. 0.628 

Process innovation (Cronbach’s α = 0.845, C.R. = 0.854, AVE = 0.560)  

1) We are learning more about the newest processes than our competitors. 0.845 

2) We are the first within the industry to deploy new processes. 0.817 

3) We keep up with the latest process developments. 0.796 

4) We frequently introduce processes that are radically different from existing processes in the industry. 0.613 

Company performance (Cronbach’s α = 0.868, C.R. = 0.880, AVE = 0.652) 

1) Market share 0.617 

2) Sales growth rate 0.866 

3) Market share growth 0.920 

4) Return on investment (ROI) 0.794 

 
Table 3. Descriptive statistics and pearson correlation matrix. 

Variables Mean S.D. 1 2 3 4 5 

1) Government support 4.587 1.127 (0.770) 
    

2) Customer’s Knowledge integration 4.015 1.225 −0.017 (0.767) 
   

3) Universities and research institute’s knowledge integration 5.134 1.145 0.258** 0.049 (0.788) 
  

4) Process innovation 5.116 1.024 0.434** −0.097 0.245** (0.773) 
 

5) Company performance 4.768 1.047 0.445** −0.020 0.153* 0.408** (0.807) 

Notes: Numbers in brackets on the diagonal of matrix are the square root of AVE; **p < 0.01; *p < 0.05. 
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4.2. Hypothesis Testing and Results 

The theoretical model was tested by using AMOS software. The results show that 
the structural equation model fits well with the actual data: χ2 = 356.941, χ2/df = 
1.552, GFI = 0.916 > 0.900, NFI = 0.92 > 0.900, IFI = 0.958, > 0.900 TLI = 
0.948 > 0.900, CFI = 0.957 > 0.900, RMSEA = 0.046.The results of the path anal-
ysis are shown in Figure 1. Government support has a significant impact on 
process innovation (b = 0.414, p < 0.001), firm performance (b = 0.389, p < 
0.001), and industry-university-research knowledge integration (b = 0.309, p < 
0.001), so H1, H2, H8 can be supported. The industry-university-research 
knowledge integration significantly positively affects process innovation (b = 
0.155*, p < 0.05), but not significant influences firm performance (b = 0.067, p > 
0.05), thus H3 is supported and H4 is rejected. Customer knowledge integration 
has a significant negative impact on process innovation (b = -0.150, p < 0.05), 
but the impact on firm performance (b = 0.003, p > 0.05) was not significant, so 
both H5 and H6 are not supported. Process innovation significantly positively 
affect firm performance (b = 0.250, p < 0.01) and it supports H7 (Figure 1). 

5. Conclusions and Discussion 
5.1. Research Conclusions and Theoretical Contributions 

Based on the empirical samples of high-tech manufacturing in China’s Bohai 
Rim, Yangtze River Delta and Pearl River Delta regions, this paper explores the 
impact mechanism of external resource acquisition on process innovation and 
draws the following conclusions: 

1) Previous researches have focused on overall innovation performance [61] 
[62], product innovation [63] [64], incremental innovation and radical innova-
tion (Arnold et al., 72011; Zhou and Li, 2012) [65] [66] to explore the role of 
government, customers, universities and research institutions in innovation. 
Based on existing research on the differences between product innovation and 
process innovation [67] [68], this paper proceeding from process innovation,  

 

 
Figure 1. SEM results. 
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thus it further enriches and improves the research on corporate innovation. 
2) Government support has a positive influence on process innovation and 

improves corporate performance. These results further support Zeng et al. 
(2016) [69], Kang and Park (2012) [70], Li and Atuahene-Gima (2001) [30], 
Looy et al. (2003) [71] and other empirical conclusions on government support 
positively affecting enterprise innovation. At the same time, it confirms that the 
government and its institutions exert applicable and significant role in emerging 
market’s economy and innovation activities represented by China. In addition, 
government support positively influences industry-university-research know-
ledge integration, and this conclusion is consistent with existing empirical evi-
dence of the three-helix theory [72] [73] [74]. 

3) The industry-university-research knowledge integration significantly af-
fects process innovation, but does not impose significantly effect on corporate 
performance. The industry-university-research knowledge integration can sig-
nificantly influence process innovation, supporting the research by Un and Asa-
kawa (2015) [37], Parida et al., (2017) [12]. They claim that although process 
innovation is an internal behavior, it can still benefit from external innovation 
cooperation. The positive impact of industry-university-research knowledge in-
tegration on corporate performance is not good. The possible reason is that the 
research results are limited by the research method we used. More specifically, 
the data are collected in the same time period which belongs to static research, 
but the impact of industry-university-research knowledge integration on corpo-
rate performance has a time lag. Therefore, industry-university-research know-
ledge integration does not significantly promote corporate performance within 
this framework. 

4) Customer knowledge integration has a significant negative effect on process 
innovation and has no significant influence on firm performance. This conclu-
sion is inconsistent with the hypothesis of this paper. For this, we discuss rea-
sons by searching existing literature. First, there is a risk of customer knowledge 
integration in the innovation process: a) Excessive attention to customers’ needs 
and personality may cause excessive dependence on customers [75]. b) Cus-
tomer knowledge transfers from outside to internal departments of the company 
and from one department to another suffer from risk of loss or distortion [76] 
[77]. c) Innovators and customers are not necessarily willing and able to interact 
with knowledge integration [78], so customer knowledge integration may have a 
certain negative effect on process innovation. However, it is not wise to advocate 
that customer knowledge integration should not be carried out in the process 
innovation. Enkel et al. (2005) [79] pointed out empirically that compared with 
the integration of customer knowledge, the risk of not having customer know-
ledge is greater because it means that the company’s products will not be mar-
ket-oriented, and not using customer knowledge will limit innovation. Second, 
Lee and Kim (2010) [80], Anne and Salminen (2010) [81], and Reimann et al. 
(2010) [82] found that customer knowledge plays an important role in reducing 
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corporate costs, rather than overall corporate performance. More generally, 
companies in mature markets tend to use customer knowledge to improve pro-
duction processes and improve business efficiency, rather than gaining opera-
tional profitability and increasing market share (Hung and Norma, 2018). In 
other words, the impact of customer knowledge on business performance is not 
straightforward. 

5.2. Managerial Implications 

This study explores the impact of external resource acquisition on innovation 
from the perspective of process innovation, and it provided certain work sugges-
tions for the management practice of high-tech manufacturing. To implement 
innovation, enterprises must not only initiate product innovation, but also work 
on process innovation. The ambiguity and ambiguity of process innovation 
make it impossible to be easily imitated by competitors, thus providing compa-
nies with a hidden competitive advantage (Hung and Norma, 2018; Hatch and 
Mowery, 1998). Companies must focus on process innovation’s depth (connect-
ing system knowledge, tools, and processes), as well as process innovation’s 
width (seeking new ways to reconfigure system knowledge, tools, and processes) 
(Parida et al., 2017), so that companies can make and deliver products to con-
sumers faster, cheaper and more flexibly and create a unique competitive ad-
vantage. 

While enterprises are exerting their strength in process innovation, they must 
also pay attention to the acquisition and utilization of external resources. It is 
not appropriate to carry out process innovation in isolation. Compared with 
product innovation, the characteristics of process innovation make most com-
panies tend to “closed doors” for process improvement. However, in the era of 
open cooperation and innovation, enterprises should attach importance to co-
operation and interaction with relevant upstream, downstream and other related 
partners in process innovation, promoting the effective flow of new technolo-
gies, new knowledge, new information and other resources, and promoting the 
identification, absorption, digestion and application of external resources. The-
reby, it will enhance companies’ resource endowment and knowledge accumula-
tion in process innovation. 

Finally, when enterprises use external resources for process innovation, they 
need to combine the actual situation of the enterprise, such as the scale and the 
strategic decision of the enterprise and the external market environment. Be-
sides, the influence of the acquisition and application with different external re-
sources on innovation performance and economic benefits of the enterprise are 
different in the long-term and short-term. And companies enterprises should 
avoid excessive dependence on some external resources. 

5.3. Limitations and Future Research Directions 

Although this research has achieved certain research results, there are some li-
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mitations in the which are embodied in: 1) The limitations of the research sam-
ple. The samples of this study are mainly from Bohai Rim, Yangtze River Delta 
and Pearl River Delta regions’, where the innovation activities in China are ac-
tive. Future research can further expand the scope of research. 2) Limitations of 
measurement methods. The measurement of firm performance in this study is 
carried out in the form of Likert scale. It means that the subjective consciousness 
of the interviewed managers may influence results. Subsequent research can use 
objective data to measure firm performance and other variables. 3) Limitations 
of the research object, this study mainly analyzes the role of government, cus-
tomers, universities and research institutions on process innovation. Future re-
search can also conduct research on supplier competitors and intermediary ser-
vice organizations. In addition, companies’ access to resources from govern-
ments, customers, universities, and research institutions are more general to the 
framework of this research. Scholars believe that government power may also 
force by subsidies, loans, professional services, etc. [83] [84], and the role of 
customers can also influence the process innovation by means of customer par-
ticipation, customer interaction, and co-creation [85]. In addition, the role of 
universities and research institutions may also be different. It may therefore re-
quire different treatment [86] [87]. 
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