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Abstract 
In the era of the knowledge economy, knowledge has become the core strategic resource 
for firms to obtain and maintain their competitive advantages and promote 
technological innovation, and research on collaborative knowledge creation has become 
a frontier issue in the field of knowledge management. By exploring the factors and 
process mechanisms of firm knowledge creation in innovation networks, this article 
constructs a knowledge creation model based on a core-periphery network structure 
from the perspective of complex networks, which provides theoretical support for 
enriching knowledge management theories and improving the knowledge creation 
capacity of heterogeneous firms. Based on a literature review of knowledge creation and 
core-periphery network structure, this article analyzes the general processes, factors 
and the characteristics of knowledge creation in the core layer, periphery layer and core-
periphery interlayer, and constructs a knowledge creation model based on a core-
periphery innovation network. Then this article finds that the general processes of firm 
knowledge creation can be divided into three stages - knowledge acquisition, knowledge 
sharing and knowledge integration - with different process mechanisms and factors at 
different network layers, while the knowledge creation model based on a core-periphery 
innovation network reflects structural and organizational differences. 
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1. Introduction 

Human society is entering the era of the knowledge economy. With the rapid integration of 
knowledge and information, the market competition environment is complex and changeable. 
Due to the scarcity of resources and the complexity of technological innovation, firms must 
innovate continuously to obtain and maintain sustainable competitive advantages and improve 
market position. [1] From the perspective of the knowledge-based view, knowledge is scarce, 
specialized, imitable and irreplaceable [2], which is the core strategic resource for firms. 
Numerous scholars have pointed out innovation is essentially the process of knowledge 
creation, which comes from the reprocessing and recombination of knowledge elements. 
Therefore, knowledge creation is the prerequisite and key for firms to realize innovation, 
enhance their core competitiveness and promote their economic growth. 
Since Nonaka and Takeuchi (1991) [3] formally proposed the theory of knowledge creation, 
many scholars have studied its theory and demonstration, models and countermeasures, 
factors and processes. Knowledge creation is a dynamic multi-agent process, it is difficult for 
firms to achieve knowledge creation processes individually because of limited resources, they 
should seek complementary and heterogeneous firms based on their innovative needs to 
exchange, share and transfer tacit knowledge and explicit knowledge, to improve their 
knowledge stock and technological innovation [4], and then realize systematic nonlinear utility. 
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Therefore, collaboration has become the main mode of knowledge creation with self-organizing 
and emerging features [5], which not only involves independent internal knowledge creation 
and external knowledge absorption, but also the effect of the dynamic environment. Knowledge 
is the order parameter of the evolution of self-organizing systems, and every dramatic 
breakthrough will elevate the evolution of the collaborative knowledge creation system to a 
higher level. The traditional methods, such as empirical analysis, game analysis and case study, 
cannot analyze and grasp the overall complexity of collaborative knowledge creation behaviors, 
or explain the emergent phenomena and adaptability in innovation networks. Complex 
networks can be used to describe the processes and mechanisms of actual knowledge creation 
process systems, reflect real network characteristics, and provide important support for the 
study of knowledge management [6]. 
Innovation networks in the real world typically have asymmetry and heterogeneity, actors have 
different features and heterogeneous resource endowments [7], and there are gaps in the 
technology niches and knowledge niches among firms. In the coupled interaction, the core firms 
with high influence will dominate the network hierarchy [8], which ultimately leads to the 
emergence of the “core-periphery” network structure. Centrally located core firms with strong 
dynamic capabilities lead the knowledge transfer, diffusion, sharing and creation behavior in 
the network [9], while peripheral firms at the network edge provide complementary 
technologies and services [10]. But the literature about single-layer innovation networks lacks 
investigation of the heterogeneity of firms, which cannot reflect the differences in the processes 
and mechanisms of knowledge creation and network evolution between the core layer and the 
periphery layer. 
According to Borgatti and Everett (1999) [11], the innovation network can be divided into a 
core layer and a periphery layer, and by analyzing the dynamic mechanisms, process 
mechanisms, main factors of knowledge creation and the core-periphery network structure 
features, this paper constructs a knowledge creation mechanism based on a core-periphery 
firm innovation network. 

2. Research review  

2.1. Knowledge creation 
Knowledge creation is essentially the process of researching and developing new knowledge 
on the basis of prior knowledge. Yan (2010) distinguished the differences between knowledge 
innovation and knowledge creation and pointed out that the former emphasizes the ability to 
transform knowledge into practical productivity and economic achievements, while the latter 
stresses the transformation and creation of the prior knowledge [12]. Since Nonaka and 
Takeuchi (1991) [4] first formally presented knowledge creation theory from the perspective 
of epistemology and ontology, studies about knowledge creation have become hot issues in the 
field of knowledge management. In recent years, scholars have made numerous theoretical and 
empirical analyses, models and strategies, and studied the factors and process mechanisms of 
knowledge creation. Analyzing knowledge creation from the perspective of complex networks 
based on related research on knowledge characteristics, understanding the factors and the 
process mechanisms of organizational knowledge creation is of significance and necessity. 
Early studies on knowledge creation mainly focused on the internal organization and 
considered that knowledge creation refers to the ability and processes of firms to create new 
knowledge independently and embed new knowledge into products, services and systems. 
With the application of complex networks in organizational cooperative innovation, studies on 
the process mechanisms, factors, and the co-evolution of knowledge creation and innovation 
networks have become frontier issues. From the perspective of innovation networks, 
knowledge creation is a complex nonlinear interaction process, which is dynamic, systematic 
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and collaborative, while knowledge is continuously transmitted and fed back among innovation 
actors to create new knowledge collaboratively and realize knowledge proliferation. From the 
process and mechanism of knowledge creation, Nonaka and Takeuchi (1995) developed the 
classical SECI model, pointed out that tacit knowledge and explicit knowledge interact and 
transform with each other, and this interaction involves the four modes of socialization, 
externalization, combination and internalization, which is the process of spiral evolution [13]. 
Based on the SECI model of Nonaka and Takeuchi (1995), Dang and Li (2005) constructed the 
O-KP-PK model of knowledge creation from the perspective of knowledge potential [14][14]. The 
factors of knowledge creation can be summarized into three categories - knowledge 
characteristics, individual characteristics and relationship characteristics. Knowledge 
characteristics mainly include explicit and implicit knowledge [13], knowledge specificity and 
complexity [15], knowledge complementarity and knowledge difference [16]. Individual 
characteristics contain the knowledge base and absorptive capacity [17], sharing willingness 
and transfer capability [18]. Finally, relationship characteristics mainly involve proximity, 
relationship strength, cumulative number of partnerships, etc. Many scholars have studied the 
co-evolution of knowledge creation and innovation networks. For example, Savin and 
Egbetokun (2016) studied the influence of cognitive distance and absorptive capacity on 
partner selection strategies and innovation network evolution by constructing a knowledge 
production function model [19].  
Scholars have discussed organizational knowledge creation from different perspectives, 
however, there are still some deficiencies. First, the traditional theories and methods focus 
more on the organizational level, and few studies are about knowledge creation based on inter-
organizational cooperation from the perspective of complex networks. Second, the differences 
of the knowledge and structural niches, as well as the relationship strengths of innovation 
actors are mostly ignored, while the analyzed cooperative network is usually homogeneous and 
unweighted, which cannot describe the micro-behavior mechanism of organizational 
knowledge creation appropriately. Finally, the current research often ignores the network 
hierarchy and rarely considers comprehensively the heterogeneity of innovation actors in the 
core-periphery network structure, but only analyzes organizational knowledge creation 
behavior from a single layer. 

2.2. The core-periphery network 
The core-periphery network structure was formally defined first by Borgatti and Everett (1999) 
[11], they presented its basic concept and idealized model. According to the characteristics of 
the correlation between actors, a network can be divided into closely connected central parts 
and sparse peripheral parts. In a network with the purpose of collaborative knowledge creation 
with the coupling interaction of heterogeneous actors, the partnerships reflect heterogeneity, 
forming a hierarchical organizational innovation network, which has multiple structural 
characteristics of a combination of node density and sparsity, the coexistence of strong 
connections and weak connections, and the high heterogeneity of degree distribution [20].  
There is not only a core layer of the highly coupled all-connected network composed of few 
organizations with high resource endowments, but also a peripheral layer composed of 
organizations with loose connections and low resource endowments in the innovation network. 
While core firms are located in the central position, and are closely related to each other, they 
usually have control over relevant supporting organizations because of their key and unique 
core heterogeneous resources [21], hence they are the leaders of knowledge transfer, diffusion 
and innovation in the organizational cooperation network. Yet peripheral firms, including 
supporting organizations in the industrial chain of core firms, such as upstream suppliers and 
downstream distributors, scientific research institutes, users, and even competitors, are 
located in the subordinate position of the innovation network, providing complementary 
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technology, product innovation and value-added services and other supporting values, which 
are of large quantity with discrete relation to each other. There is asymmetric interdependence 
between core firms and peripheral ones [22]. Core firms prefer to choose some peripheral firms 
to establish cooperative networks based on certain innovation goals, while peripheral firms 
focus more on a few fields, and it is easy for them to risk cognitive inertia and core rigidity if 
only relying on internal knowledge creation, which is unfavorable for pursuing advanced 
technology and knowledge, therefore, peripheral firms should absorb and use the knowledge 
of core firms. 
As a medium-scale structure research method, the core-periphery network structure has been 
generally applied to innovation management and knowledge creation. For example, Ou et al. 
(2017) studied the evolution of innovation ecosystems under different symbiosis modes based 
on the core-periphery structure and found that reciprocal symbiosis was the best symbiosis 
mode between the core and peripheral parts [23]. Kudic et al. (2015) analyzed the core-
peripheral structure of the laser industry innovation network in Germany and found that 
organizational and environmental factors affect the transformation of peripheral organizations 
into core organizations [24]. Lipparini et al. (2014) constructed a four-stage model of 
knowledge exchange and co-creation among firms in the Italian motorcycle industry network 
based on the core-periphery structure and studied the organizational knowledge flow process 
at the core and periphery layers at various stages [9].  
To sum up, there have been many studies on knowledge management and innovation 
management based on the core-periphery network structure, focusing on the core-periphery 
structure of the industrial cluster innovation network and the interaction mechanisms between 
core clique and peripheral clique within and between layers. However, there are still few 
studies that analyze the processes and factors of knowledge creation.  
Therefore, it is necessary to study collaborative knowledge creation with a core-periphery 
structure from the perspective of complex networks. This paper analyzes the heterogeneity and 
interactive correlation mechanisms of firms in the core layer, the peripheral layer and the core-
periphery interlayer, analyzes the mechanisms, processes and factors of organizational 
collaborative knowledge creation, and constructs a knowledge creation model based on the 
core-periphery innovation network, which can provide theoretical support for firms to realize 
technological innovation. 

 
Figure 1: The general process of knowledge creation 
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3. Knowledge creation process  

Knowledge creation is a complex nonlinear interaction process in which knowledge is 
continuously transmitted and fed back among innovation firms, forming an open innovation 
network with aggregation advantages and numerous knowledge spillovers. The process of 
knowledge creation can be divided into three stages, including knowledge acquisition, 
knowledge sharing and knowledge integration, as shown in Figure 1. 
Knowledge acquisition mainly occurs within organizations, involving independent knowledge 
innovation and internal knowledge sharing. On the one hand, organizations can achieve 
knowledge creation, technological innovation and economic growth by independent R&D and 
technology accumulation. On the other hand, by establishing a learning system with division of 
labor within organizations, staffs can realize the transfer and diffusion of knowledge by various 
formal and informal communication channels. Knowledge acquisition is the premature stage of 
knowledge creation, it is mainly manifested as the continuous accumulation of knowledge 
within the system, which can provide sufficient prior knowledge for knowledge sharing and 
knowledge integration and is the endogenous driving force of network evolution. Knowledge 
sharing can be divided into two stages - knowledge transmission and knowledge learning - 
among which the differences of knowledge stock, knowledge complementarity, knowledge 
sharing willingness, knowledge absorptive capacity, ties strength between organizations and 
the cost are the key factors of knowledge sharing efficiency in an innovation network. On the 
premise of differences in terms of resource endowments and knowledge sharing willingness, 
innovation actors establish partnerships based on the principle of knowledge complementarity 
and preferential selection mechanisms to realize the recognition, sharing and absorption of 
their own proprietary knowledge. In the stage of knowledge integration, firms effectively 
integrate the acquired external knowledge with their internal knowledge to realize the deep 
reorganization and transformation of knowledge, thus creating a new knowledge system. Some 
newly created knowledge remains inside organizations, and other knowledge may spill over to 
the outside. Knowledge integration capability and the knowledge stocks of organizations are 
important factors affecting the efficiency of knowledge integration in an innovation network, 
and this stage is a dynamic cycling process of transformation and reorganization of tacit 
knowledge and explicit knowledge, prior knowledge and newly acquired external knowledge.  
Therefore, the process of knowledge creation in an innovation network can be divided into 
three stages. In the knowledge acquisition process, firms increase their own knowledge stock 
through internal innovation. In the knowledge sharing stage, heterogeneous internal and 
external knowledge, technology and information are obtained through cooperation, while the 
knowledge senders realize the externalization from tacit knowledge to explicit knowledge, the 
knowledge receivers realize the internalization from explicit knowledge to explicit knowledge. 
In the stage of knowledge integration, knowledge elements are fully integrated and 
reconstructed, explicit knowledge is transformed into tacit knowledge, and the knowledge 
stock of firms is expanded, and a new knowledge system structure is formed so as to achieve 
collaborative knowledge creation utility. The result of knowledge creation is to generate new 
knowledge, which can be exported to the outside or stored inside organizations, which is 
conducive to improving the competitive advantage of organizations and reducing dependence 
on their technological paths. 

4. Knowledge creation mechanisms based on a core-periphery innovation 
network  

From the perspective of a core-periphery network structure, this paper studies the 
collaborative knowledge creation process mechanisms of an innovation network. In each stage 
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of knowledge creation, the interaction mechanisms between core and peripheral parts are 
dynamic, while the factors are complex and heterogeneous. Therefore, this paper analyzes the 
individual characteristics and correlation characteristics of a core-periphery innovation 
network, analyzes the knowledge creation processes based on its core-periphery innovation 
network, and constructs a corresponding model.    

4.1. Overview of core-periphery networks 
Due to the heterogeneity of network positions and resource endowments, there is a significant 
hierarchy in the coupling and interaction processes of innovation actors, with the core layer 
closely connected by a small number of organizations and the peripheral layer loosely coupled 
by most organizations. This stable network has moderate density with high overall innovation 
efficiency and enthusiasm, and members have clear expectations for the technology 
development track, while the core actors have an obvious dominant position.  
A collaborative innovation network is composed of nodes and links. Nodes represent the 
organizations with heterogeneous knowledge and information resources, and links represent 
the knowledge sharing and collaborative cooperation between agents. In an innovation 
network, the heterogeneity of the agent essentially refers to the heterogeneity of the knowledge 
endowment, dynamic ability and network position. Based on the theory proposed by Borgatti 
and Everett (1999) [11], this paper analyzes the individual, structural and relationship features 
of a core-periphery innovation network. 
4.1.1. Core layer  
In an innovation network, the main factors affecting the ‘coreness’ of actors are knowledge 
bases, knowledge matching and knowledge power. The core layer is in the center of the network 
with few actors but has a strong core competence and spillover capacity [9]. In the process of 
knowledge creation, core firms have close cooperation with others within and outside the 
network, they can easily obtain crucial information and knowledge, identify new market 
development and technological innovation opportunities, and share resources with relevant 
firms through their ego networks. There are two types of identification method of core firms, 
one is based on the characteristic indicators, which are determined by the differences in 
characteristics between core firms and general firms. The other one is based on social network 
analysis, calculating the network centrality of different actors by drawing a cluster cooperation 
network, and the ones with high centrality are regarded as core firms [25].  
According to Borgatti and Everett (1999) [11], in an ideal core-periphery innovation network, 
actors of the core layer are closely connected with high mutual dependence and form a global 
coupling network with the largest clustering coefficient 𝐶 = 1. The core layer has high degree 
of agglomeration, strong ties strength and high knowledge sharing willingness with a more 
diversified and standardized cooperation, can easily build organizational inertia and path 
dependence for cooperation to solve the problems of ineffective communication and goals 
misalignment in the process of collaborative innovation, which is helpful for the sharing of 
complex and tacit knowledge, technology diffusion and integration, as well as the transition of 
technology trajectories and network positions, and deepening of the innovation effect. 
4.1.2. Peripheral layer 
There is a large number of loosely connected small and medium-sized firms around the core 
ones, including the product complementors, service providers, system integrators, distributors 
and suppliers. They are often in the subordinate positions, providing supporting value as 
complementary technology and value-added services, and are highly dependent on core firms 
to obtain heterogeneous knowledge and technology resources. In the ideal core-periphery 
network structure, individuals in the peripheral layer are mostly dissociated with a weak and 
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sparse correlation, while the low connection density brings small average degree and large 
average shortest path.  
There are a large number of firms in the peripheral layer with a high knowledge depth in a few 
fields. They are well connected with core firms, and provide complementary knowledge with 
high relevance but heterogeneity to create a unique knowledge system. But generally, different 
peripheral firms focus more on different research fields with low knowledge correlation and 
technology proximity, and the knowledge dependence, relationship dependence and structure 
dependence among them is quite weak. A few peripheral firms with high knowledge depth but 
low width can perhaps basically meet the original innovation goals based on their internal 
knowledge, so they adhere to independent innovation and the original technical track, thus 
becoming isolated organizations, or will cooperate with only a few organizations as marginal 
organizations. A simple core-periphery innovation network is shown in Figure 2. 
 

 
Figure 2: A simple core-periphery innovation network 

 

4.2. Analysis of the knowledge creation processes based on a core-peripheral 
innovation network  

To deepen understanding of the firm knowledge creation processes in an innovation network 
based on the perspective of a core-periphery network structure, this paper particularly 
expounds the process mechanisms, correlation structure, and main factors of the core layer, 
peripheral layer and core-periphery interlayer in different stages and constructs a knowledge 
creation model based on a core-periphery innovation network. 
4.2.1. Knowledge acquisition process 
Knowledge acquisition is conducive to improving the internal knowledge stock of firms and is 
the endogenous driving force of network evolution. On the one hand, the expansion of the 
knowledge base helps firms enhance their knowledge niches and location centralities and 
obtain and absorb heterogeneous knowledge from different external organizations. On the 
other hand, the bigger the knowledge stock is, the stronger the ability to absorb, understand 
and utilize external knowledge is. Knowledge acquisition mainly occurs within firms, involving 
independent R&D innovation and internal knowledge sharing, mainly affected by the prior 
knowledge stock and independent knowledge creation capacity, which can affect the efficiency 
of the knowledge creation by influencing the input cost and the innovation possibility. The 
bigger the knowledge stock created and accumulated, the more conducive for firms to absorb 
new knowledge from the external environment [17]. The knowledge acquisition process based 
on a core-periphery innovation network is shown in Figure 3. 
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Figure 3: The knowledge acquisition process based on a core-periphery innovation network 

 
(1) Core layer 
As the dominant actors in a collaborative knowledge creation network, core firms have unique 
and inimitable comparative advantages, which can provide complementary innovation 
resources and innovation ability for related ones. They have absolute superiorities in 
information transmission, strategic decision-making and network governance. In the process 
of knowledge acquisition, core firms utilize their own innovation ability, pursue exploratory or 
exploitative learning to obtain diversified and unique new knowledge combinations, expand 
their own knowledge stock and build core competitiveness in line with their own advantages.  
Core firms have obvious superiorities. Firstly, their resource endowments are strong with 
significant breakthroughs in the knowledge or technology domains, they can frequently hold a 
position of comparative advantage in the market and technology competition with unique key 
resources or differentiation capabilities, and dominate the direction of R&D innovation, which 
will produce an obvious demonstration effect and knowledge spillover effect and attract other 
innovation actors and auxiliary organizations to gather. Secondly, through the effective division 
of work and the coordination mechanism, staffs of core firms can carry out good 
communication and interaction, realize knowledge sharing and form a new knowledge 
combination, while the knowledge accumulated within the organization is a unique high 
proprietary resource based on a high level of experience and practice, and it is not easily copied 
or imitated [26], but easy to be absorbed and integrated into the organizational patterns and 
culture [14]. Finally, core firms have strong learning ability and willingness, they can learn the 
key technical knowledge internally through their excellent R&D systems. Because of their high 
independent knowledge creation ability, core firms are inclined more to acquiring frontier 
ideas and novel knowledge combinations, improving the complexity and refinement level of 
their core technology fields, and increasing the knowledge level of their key technical fields. 
(2) Peripheral layer 
Peripheral firms are focused more on building professional connections in a few technology 
fields with high knowledge depth, but they are in a relatively disadvantaged position in the 
process of knowledge acquisition. On the one hand, with a relatively high knowledge depth, 
peripheral firms pay more attention to the process of knowledge creation and technological 
innovation in a few professional fields, and on improving the level of complexity and refinement 
of knowledge in the core technology fields, which makes it difficult for them to excavate 
innovation points from the available knowledge, but easy to lead to a mindset which is 
unfavorable for a diversified knowledge system. Therefore, in the knowledge acquisition stage, 
the knowledge acquisition ability and dependent knowledge creation ability of peripheral firms 
is relatively weaker than that of the core ones. Since independent R&D innovation requires 
continuous investment in a large number of innovative resources such as capital, human 
resources and technology, the innovation risks and uncertainties are high. Limited by 
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insufficient capital investment and technology supply, peripheral firms are more willing to 
directly accept knowledge transfer from the core ones, rather than through independent R&D 
innovation. Therefore, in the stage of knowledge acquisition, the utility of core firms is higher 
than the peripheral ones. Peripheral firms should set up partnerships with core firms to get 
complex frontier knowledge in multiple fields below the cost of independent R&D innovation 
and realize resource complementarity and collaborative innovation. 
4.2.2. Knowledge-sharing process  
The complementarity of knowledge resources is an important basis to attract firms to join an 
innovation network, which lays the foundation for knowledge sharing among firms. Knowledge 
sharing is crucial for knowledge creation, and its primary premise is the potential differences 
in knowledge breadth and knowledge depth among different innovation actors [14]. 
Knowledge flows from actors with high knowledge potential to the ones with low knowledge 
potential, which is conducive to the generation of new knowledge. The knowledge sharing 
process mechanisms and factors among firms in the core layer, core-periphery interlayer and 
the periphery layer are different. The knowledge sharing process based on a core-periphery 
innovation network is shown in Figure 4. 
 

 
Figure 4: The knowledge sharing process based on a core-periphery innovation network 

 
(1) Core layer  
In the stage of knowledge sharing, knowledge flow occurs mostly at the core layer, and the entry 
threshold of knowledge and technology resource endowment of external firms is high. The 
knowledge sharing process of the core layer is affected by the knowledge stock, knowledge 
sharing willingness, knowledge absorptive capacity, relationship strength, knowledge 
complementarity and knowledge sharing cost among firms.  
Core firms have mastered abundant technical knowledge and innovation resources, but still 
need to set up a cooperative association mechanism and absorb the non-redundant 
heterogeneity and novelty knowledge of other core ones to realize the complementary 
advantages of resources and cooperative technology research and development. Because firms 
in the core layer have high knowledge similarity and technology overlap in multiple fields, it is 
conducive to the absorption of heterogeneous knowledge of others, and improving the utility 
of technology sharing and collaborative knowledge creation. So, firms in the core layer have 
strong willingness to set up long-term, stable and close and mutual partnerships of knowledge 
sharing. 
Core firms are closely related to each other with a solid foundation of cooperation, and the core 
layer maintains full connectivity. The strong ties between core firms have the following three 
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advantages in the process of knowledge creation. Firstly, strong ties can increase the threshold 
of external firms entering the core layer and strengthen the stability of the network. Secondly, 
strong ties mean there is a mutually beneficial and symbiotic cooperation mechanism with a 
code of conduct and emotional contract adhered to by members in the innovation network, 
which is beneficial for enhancing the trust and knowledge sharing willingness among core firms, 
avoiding the risk of the information distortion effect and opportunistic behaviors, and reducing 
the coordination costs and transaction costs of knowledge sharing. Finally, the strong ties 
between core firms can help overcome the stickiness of inter-organizational knowledge 
transfer, realize the diffusion and proliferation of complex technology, tacit knowledge and 
innovation resources, and promote knowledge sharing utility. After establishing knowledge 
cooperation and sharing relationships, core firms need to identify, transform and apply 
external knowledge, which is affected by the knowledge absorptive capacity. Because core firms 
have high knowledge stock, which is positively correlated with the absorptive capacity, their 
knowledge absorptive capacities are also high, which is beneficial for understanding, absorbing 
and utilizing the proprietary knowledge of others. The higher the degree of interaction and 
integration among firms, the more helpful to the flow of tacit knowledge and complex 
information, and core firms can achieve knowledge sharing and technological innovation by the 
absorption and integration of heterogeneous resources and the reorganization of the value 
chain. 
(2) Core-periphery interlayer  
The core firms are in the core positions of the network with high knowledge potentials and rich 
accumulated knowledge stocks as well as technical resources, they have the relative advantage 
in knowledge attention, acquisition and processing, are generally the exporters of knowledge 
transfer and knowledge sharing, and are also the main knowledge sources of peripheral firms. 
While peripheral firms are in the subordinate positions, providing supporting values through 
complementary technologies and value-added services.  
In the process of knowledge sharing, there is asymmetric dependence and asymmetric 
reciprocal symbiosis between core firms and peripheral firms. Core firms are always in the 
dominant positions with strong bargaining power, they can set up cooperative relations with 
many peripheral firms and dominate the R&D direction of crucial technology development. On 
the other hand, peripheral firms have high knowledge dependency, relationship dependency 
and structural dependency on core firms, and are dominated by their knowledge power [27], 
and they closely cooperate and share resources with core firms through formal and informal 
long-term but discontinuous collaborative relationships. 
According to certain standards and principles and based on innovation goals, core firms will 
select, control and supervise several alternative peripheral firms, and choose those meeting the 
requirements and with the willingness of knowledge sharing to establish partnerships. Because 
of the knowledge spillover effect, peripheral firms can obtain great benefits through knowledge 
sharing processes with core firms. The preferential attachment of core firms in choosing 
peripheral firms as partners is based on the combination of history [28] and attractiveness [29]. 
On the one hand, firms are more inclined to establish partnerships with those with historical 
cooperative collaborations, forming relational inertia and then generating inter-organizational 
dependence to reduce uncertainty risks. On the other hand, an innovation network is 
essentially a knowledge cooperation network, so core firms can take control of resource-based 
network cooperation strategies, choose complementors reasonably in the upstream and 
downstream of the industrial chain to establish the optimal collaboration network, and occupy 
a dominant position to obtain and utilize the complementary resources. Their own relatively 
sufficient knowledge bases are beneficial for the digestion, absorption and reintegration of new 
knowledge in the process of cooperation, increasing opportunities to produce new knowledge 
and new technology. Therefore, peripheral firms with a larger knowledge stock or with more 
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complementary crucial technical knowledge resources have stronger attraction to core firms, 
to establish partnerships and realize collaborative knowledge creation. 
Knowledge sharing requires numerous external management costs, including searching costs 
involved in finding and establishing inter-organizational links [30], and maintenance costs and 
conflict governance costs involved in monitoring and maintaining existing relationships [31]. 
The costs will affect the willingness and the efficiency of knowledge sharing among firms, which 
will easily lead to diseconomies of scale. Therefore, firms should eliminate redundant 
connections and put limited resources into key connections to promote knowledge innovation 
based on clear goals when establishing partnerships.  
It is crucial to identify and transform the external knowledge acquired, which involves 
knowledge absorptive capacity. As with the great differences of knowledge stocks between core 
firms and the peripheral ones, the abilities to absorb, understand and use external knowledge 
are also quite different. Therefore, their utilities of using external diversified professional 
knowledge are quite different when interacting with each other. Due to the unequal power and 
dependence between the core layer and the peripheral layer, some peripheral firms may engage 
in opportunistic behaviors, knowledge appropriation and hitchhiking in the process of 
knowledge sharing in the core-periphery interlayer. They may attempt to steal or abuse the 
core knowledge and damage the trust foundation of their partners, and may cause partners to 
worry about losing core competitive advantages, hindering knowledge and information sharing, 
hence affecting the efficiency of cooperation. As the leaders of value co-creation and knowledge 
sharing, core firms should take appropriate knowledge protection measures, such as thorough 
intellectual property systems, internal governance mechanisms and behavioral standards, to 
mitigate risks and promote knowledge sharing and technological innovation. 
(3) Peripheral layer  
The peripheral layer is a sparse network with a low network cohesion coefficient and a large 
number of firms, and the links between firms are loose with low coordination and inferior 
efficiency of resource transmission. In the process of knowledge sharing, with the improvement 
of knowledge resources and ability endowments, peripheral firms will gradually establish 
partnerships to achieve collaborative knowledge creation. With a low knowledge width but 
high knowledge depth, the technology structure of peripheral firms presents a centralized 
distribution, so they should establish partnerships with other peripheral firms based on the 
knowledge overlap, because the common technology foundation can help them to overcome 
the viscous effect caused by the specificity, tacitness and non-coding of knowledge. Establishing 
partnerships of knowledge sharing and technological innovation can improve the ability of 
technological standardization and promote the performance of technological innovation. 
However, the links between most of peripheral firms are weak with low frequency. First of all, 
since peripheral firms generally focus on a few technical fields, there are huge differences in 
the knowledge fields and knowledge depths, and low similarity of knowledge bases and 
technology structures, making it difficult for them to understand, absorb and utilize each 
other's knowledge effectively. Secondly, limited by scale, capital, technology and other resource 
endowments, peripheral firms lack sufficient resources to identify and set up partnerships with 
other peripheral firms with huge knowledge heterogeneity. So, their willingness to share 
knowledge is not strong, and they are more inclined to choose differentiated technology 
development strategies, and to specialize in deep ploughing businesses that are unique and 
adept, forming professional barriers to creating competitive advantages. Therefore, the 
coupling degree and the dependence on the heterogeneous resources among peripheral firms 
is extremely low, the weak ties mean them lack mutual trust, and there are protectionist 
behaviors in the process of cooperation [32], which will limit the sharing and exchange of 
knowledge and technology resources. Therefore, in the process of knowledge sharing, 
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peripheral firms make more use of the complementary knowledge of core firms to achieve 
effective synergies. 
4.2.3. Knowledge integration process  
Due to the increasing complexity of knowledge required for innovation, it is difficult for external 
knowledge and information resources to play a direct role, and they should be integrated and 
reconstructed to form a new knowledge system to generate knowledge synergy in innovation. 
Knowledge integration is a dynamic cycle process of knowledge optimization and 
internalization. By deconstructing, integrating and reconstructing the knowledge of different 
sources, firms introduce the internalized knowledge into the innovation network system, to 
realize the technological innovation of the whole network, which is a spiral evolution process. 
By knowledge integration, firms can apply new external knowledge to the combination of 
internal knowledge in new ways, which will help them to create breakthrough technology and 
innovation changes, while knowledge integration capability and the knowledge stock of firms 
are important factors. The knowledge integration process based on a core-periphery 
innovation network is shown in Figure 5. 
 

 
Figure 5: The knowledge integration process based on a core-periphery innovation network 

 
(1) Core layer  
Knowledge integration is essentially the process of reconstructing external knowledge and 
internal knowledge. By excavating the knowledge in the stage of knowledge acquisition and 
knowledge sharing, firms sort out the frontier knowledge needed, and abandon the old 
knowledge that mismatches to the trend of technical development or the new knowledge that 
cannot be proved to serve development strategies, to realize the integration, reorganization 
and transformation of knowledge, and form a new knowledge system. 
In the process of knowledge integration, core firms have more resource investment and 
stronger subjective initiative. First of all, core firms can actively cooperate with the periphery 
or extra-network firms, which is conducive to giving play to the advantages of resource 
acquisition and integration brought by the centralities. Secondly, knowledge integration 
capability is the key factor to realize knowledge creation and even technology innovation [33], 
core firms have stronger ability of knowledge integration, refining knowledge elements and 
integrating resource endowments. They can effectively combine the specialized, complex and 
dispersed fragmented knowledge elements inside and outside the network, deeply excavate the 
existing technology and knowledge fields, and realize the transformation and integration of 
heterogeneous resources. Finally, core firms can grasp the initiative of key technologies and 
core technologies development, obtain more knowledge spillovers in external cooperation, and 
are more likely to generate new knowledge combinations and improve innovation output. The 
efficient reconstruction and integration of internal and external knowledge and information 
resources of core firms can help actors in the network find new uses for existing knowledge 
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and provide a knowledge base for them to identify and develop technical trends, to realize the 
transition of old and new knowledge and technological trajectories, and achieve the 
systematization of knowledge within the innovation network. 
(2) Peripheral layer 
In the process of knowledge integration, peripheral firms mainly provide auxiliary cooperation 
and support for core firms, while core firms determine the direction of knowledge creation and 
technological innovation. In this process, peripheral firms integrate external knowledge into 
their own systems. By transforming and reconfiguring internal knowledge and external 
knowledge, they can internalize the external innovation resources to form endogenous 
advantages, improve their independent innovation ability, reduce the knowledge and 
technology gap, and make the overall utility of organizational learning, utilizing and creating 
knowledge greater than the sum of the independent parts. However, peripheral firms only build 
professional connections in a few areas, and their knowledge structure is centralized with 
narrow knowledge width, it is difficult for them to integrate knowledge in non-professional 
fields, so that they just play an auxiliary role with a low contribution to systematic knowledge 
creation.  
Embedded in a core-periphery innovation network, the individual characteristics, interactive 
mechanisms and factors of knowledge creation of different actors in various stages are also 
quite different. Based on the discussions above, a dynamic process model of knowledge creation 
based on a core-periphery innovation network is shown in Figure 6. 

 
Figure 6: The knowledge creation process based on a core-periphery innovation network 

 
From the perspective of complex networks, a collaborative knowledge creation process can be 
divided into three stages, as knowledge acquisition, knowledge sharing and knowledge 
integration. In the process of knowledge acquisition, core firms and peripheral firms 
respectively carry out independent R&D activities based on their own knowledge stocks, 
technical structure and human, material and capital resources. Since core firms have more 
innovation resources and higher innovation capabilities, their knowledge systems involve 
comprehensive knowledge in many fields, which is conducive to the realization of independent 
knowledge creation. While peripheral firms are limited by their insufficient innovation abilities 
and centralized knowledge systems, their independent knowledge creation utility is relatively 
inferior. In the era of the knowledge economy, it is difficult for firms to achieve breakthrough 
technological innovation only through their own internal knowledge resources, so it is 
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necessary to establish partnerships with others based on innovation goals, absorb and 
integrate complementary knowledge, promote the smooth flow of knowledge within the 
system and diminish the knowledge gap. In the knowledge sharing process, firms in the core 
layer are closely interconnected with high levels of knowledge sharing, while firms in the 
peripheral layer are focused more on building technical connections in a few fields, with low 
technological similarity and knowledge overlap among firms and insufficient innovation 
resources, hence the efficiency in identifying the heterogeneous knowledge is low with weak 
and sparse correlations, and they depend mostly on absorbing the knowledge resources of core 
firms. In the core-periphery interlayer, firms in the core layer are usually the leaders of 
knowledge cooperation, they choose appropriate firms in the periphery layer and establish 
partnerships according to the cooperation history and complementary optimization strategies 
based on relevant governance principles. Consequently, there is an asymmetric dependence 
between core firms and periphery firms, and the knowledge sharing performances of periphery 
firms are comparatively higher. In the process of knowledge integration, firms reconstruct 
knowledge into a new system, which is the process of the restructuring of tacit and explicit 
knowledge, and existing internal and acquired external knowledge. Firms in the core layer have 
more resource endowment with stronger subjective initiative, and play a leading role, while 
peripheral firms mainly play an auxiliary role with a relatively low contribution to systematic 
knowledge creation. 
In the collaborative knowledge creation process, the network formed by innovation firms is 
self-organizing. On the one hand, the network is open and can exchange materials, resources 
and information with the outside environment. On the other hand, there is nonlinear 
interaction cooperation such as symbiotic coupling and co-operation relationships. Firms 
standardize the cooperation behavior by interest distribution mechanism, division of labor 
mechanism, organizational coordination mechanism and learning mechanism [34], so as to give 
full play to their respective functional effects. Self-organizing and self-equilibrating can enable 
the collaborative knowledge creation system to evolve from disorder to order and from low 
order to high order [35], while knowledge and information resources in the innovation network 
continuously circulate, accumulate, spirally rise, and ultimately generate the gain cycle effect, 
so as to realize knowledge proliferation and technological innovation. 

5. Conclusion 

Knowledge creation is conducive to realizing technological innovation and sustainable 
competitive advantages. Limited by insufficient resource endowment, it is difficult for firms to 
obtain all the knowledge required for technological transition through self-innovation, so they 
should create knowledge collaboratively through coupled interaction behaviors, so as to 
generate the nonlinear effect of system superposition. In an innovation network, the coupling 
interaction of various actors leads to heterogeneous partnerships, which give the network 
multiple structural characteristics, such as the combination of node density and sparsity, the 
coexistence of strong ties and weak ties, and the high heterogeneity of degree distribution. 
Based on the perspective of a core-periphery network structure, this paper analyzes the general 
processes of knowledge creation, analyzes the main endowment differences and correlation 
interaction mechanisms between core firm clique and peripheral firm clique, and constructs a 
knowledge creation model.  
(1) According to current studies from the perspective of knowledge management, the general 
process of knowledge creation can be divided into three stages, including knowledge 
acquisition, knowledge sharing and knowledge integration. This article explores internal 
knowledge creation, knowledge sharing and absorption, knowledge utilization and integration 
of the whole process and relevant factors in various stages according to the theory of the 
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knowledge-based view, and provides a theoretical basis for constructing a knowledge creation 
model from the perspective of a core-periphery network, which enriches existing knowledge 
creation and knowledge management studies. 
(2) Based on the core-periphery network structure proposed by Borgatti and Everett (1999) 
[11], this paper analyzes the individual heterogeneity of core firms and peripheral ones, and 
the interaction mechanisms of the intra-layer and inter-layer and finds that the core layer is a 
small-scale high-aggregation all-connected network, which is the main knowledge source of an 
innovation network. The correlation intensity and quality between core firms are high, which 
is conducive to the transfer and sharing of complex knowledge and tacit knowledge, while the 
peripheral layer is at the edge of the innovation network, mainly depends on the heterogeneous 
complementary knowledge sharing of the core layer, and is well connected with the core layer, 
but the connections between peripheral firms are sparse and loose. 
(3) From the perspective of complex networks, this paper constructs a knowledge creation 
model based on a core-periphery innovation network. First of all, core firms and peripheral 
ones increase their internal knowledge endowment and accumulate rich knowledge stocks for 
the absorption and utilization of external heterogeneous knowledge sources based on 
independent R&D, technology accumulation and internal communication mechanisms. 
Secondly, firms in the core layer cooperate with each other with different complementary 
knowledge, and collaborate with peripheral firms based on the preferential attachment 
mechanism, to realize knowledge sharing through the absorption and integration of 
heterogeneous resources and the reorganization of the value chain. However, with low 
similarity of knowledge bases and technology structures, it is difficult for peripheral firms to 
establish knowledge sharing relationships with each other, so they are more dependent on core 
firms to increase their knowledge stocks. Finally, the external heterogeneous knowledge 
acquired by core firm cluster and peripheral firm cluster will integrate with their internal 
knowledge and create new knowledge through the process of integration and reorganization. 
In practice, the knowledge creation model based on a core-periphery network can provide a 
new way for firms to realize knowledge creation and technological innovation. Managers can 
carry out knowledge creation activities and participate constantly in the innovation network 
based on this model, and carry out in-depth cooperation with others to improve their 
competitive advantages and innovation performance. 
(4) When choosing partners, firms should fully consider those who have the spirit of 
cooperation and heterogeneous core resources, to achieve complementary advantages and 
resource sharing in the collaborative knowledge creation process. The partners in the 
collaborative knowledge creation network coordinate and adapt to the common innovation 
goals with the action guidelines of joint development, complementary advantages, profit 
sharing and risk co-affording, establish a benign coupling mechanism, reduce opportunistic 
behaviors, maintain the sustainability of cooperative innovation and achieve consistency and 
synergy.  
However, there are still some limitations. Although the knowledge creation model constructed 
is proposed on the basis of existing studies, the model lacks empirical analysis, and future 
research should use large sample data to verify the reliability. Secondly, this paper is based on 
a theoretical analysis from the perspective of complex networks, while future studies can take 
systematic science theory and ecological theory into consideration, which can be elaborated on 
the macro level, meso level and micro level. 
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