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Abstract 

Knowledge-intensive-firms in China have been taken as research objectives and an 

agent-based model has been applied to show some simulating experiments on knowledge and 

innovation management. To focus upon the behaviors of innovation agents, we analyze the 

impact of knowledge acquisition, technical and innovative strategy on the innovation 

performance. 
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Introduction 

A great deal of attention is being focused upon the innovation and knowledge management 

from most of the enterprises which are adapting into an increasingly competitive market in 

China (N. Harrison and D. Samaon, 2004). Innovation is being to be regarded as a crucial 

factor to competition when the managers aware that most of their competitors may acquire 

the same productive factors and capabilities as themselves. Hence, knowledge seems to be a 

key resource for transferring valuable culture, absorbing new techniques, dealing with 

problems and adapting into new situation. Knowledge communication may encourage 

knowledge exchange, knowledge sharing and knowledge creation in the enterprise so that it 

helps the development of competitive advantages, and what’s more, knowledge is closely 

related with innovative activities. Knowledge acquisition, knowledge transferring, and 

knowledge utilization are all essential to enterprises to promote the development of technical 

capabilities and innovation performance (P. Hendriks, 1999). The enterprise which can utilize 

knowledge rapidly and effectively is the enterprise which can innovate in a high speed.  

Previous studies of innovation showed that knowledge, as one of the core competences, it is 

not only the main resource for creating wealth, the knowledge gain and drain among 

enterprises is also to be crucial to innovative and technical capabilities (S. Tamer Cavusgil, 

Roger J. Calantone, and Yushan Zhao, 2003). In addition, in the practice of knowledge 

mailto:qiqi825@hotmail.com


 
 

2 
 

management, knowledge management can be a booster for a firm to use resources more 

efficiently and so will be more innovative and perform better (Jenny Darroch, 2005). 

Therefore, knowledge is regarded as the most valuable strategic resource. Knowledge-based 

view suggests that the focus upon competitive advantages and strategies should be transferred 

to the knowledge management. Organizational learning theory claims that firms need to pay 

close attention to the process and power of knowledge transferring. Therefore, a close 

relationship exists between knowledge transferring and innovation performance. However, it 

is still unclear how to increase the flowing and converting of knowledge.  

This study investigates the relationships between knowledge acquisition and innovation 

performance in knowledge intensive industries of Wanjiang economic zone in China. We use 

an agent-based model to simulate the methods of knowledge acquisition and innovation 

performance in regional innovation network. The rest of the paper is organized as follows. 

Section 2 reviews the literature. Section 3 and 4 describe the research methodology and 

model followed respectively. Section 5 describes the simulating experiment and the results. 

Section 6 presents a brief conclusion and discusses contributions and limitations. 

 

 

Literature review 

In knowledge management, a well-known concept is that knowledge can be transferred and 

shared (I. Nonaka and H. Takeuchi, 1995). Such performance in various corners of the 

enterprise is increased when people communicate information, experiences, effective 

practices, insights, learned lessons, as well as common and uncommon sense (Shu-hsien L.,et 

al., 2007). In the field of knowledge management, knowledge acquisition indicates the 

successful transfer of know-how, know-why, know-what, and know-who through face-to-face 

or virtual interactions (Eppler M.J., 2007).  

Various previous researches showed that knowledge may be hard to communicated but not 

impossible to be captured or shared by others. In contrast, only through communication, 

knowledge can be realized to transferred and updated. Therefore, researchers began to focus 

upon the modes of knowledge acquisition, especially on knowledge communication. Qinpu 

Zhang(2003) designated that the modes of knowledge acquisition include the ways in which 

knowledge might be transferred between individuals, within or between organizations, and 

within or among alliance. Based on previous research, this study considers that the activities 

of knowledge acquisition include different methods to obtain knowledge, and such methods 

of knowledge acquisition can summarized in two modes, one is face-to-face communicating 

and another is virtual communicating(media-based or internet-based). In addition, this 

research considers both the formal and informal interaction, such as “consistence with 

churchman” and training, as the face-to-face mode of knowledge acquisition. Similarly, the 

virtual mode of knowledge acquisition refers to the ways agents communicate knowledge 

rely on various information technologies. Thus, in this study, our further analysis of 

knowledge acquisition, we propose that the modes of knowledge acquisition are in two ways. 

Former studies implied that knowledge transfer significantly related with innovation. 

Seungkwon Jang, et al.,(2002) claimed knowledge transfer could lead chain innovation. S. 

Tamer and Roger J. Calantone(2003) also suggested that the level of knowledge transfer 

would influence the capability of product innovation and technology innovation. The success 
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of innovation of a firm relies on appropriate environment as well as firms’ own condition. 

And knowledge the firm own could be really considered as a main constituent part of firm’s 

condition. Leading by the aim of innovation, everyone in firm need to search knowledge 

internally and obtain expertise or professional knowledge externally. To meet the needs of 

knowledge, the aim of innovation spurs knowledge transfer between individually and within 

or among agents (Xiuhong W. and Yuan L., 2006). Based on the previous studies, we suggest 

that knowledge transfer has direct impact on innovation. 

In the relationship between knowledge transfer and knowledge acquisition, knowledge 

transfer must complete through mutual communication, the more communication, the more 

knowledge transfer (Yuan L., et al., 2005). Acquisition is the prerequisite to knowledge 

transfer, knowledge share and knowledge update. Only based on knowledge acquisition, 

various knowledge attributes can interact mutually and integrate effectively to realize 

knowledge transfer. Alley(1998) emphasized only face-to-face knowledge acquisition 

between employees would be knowledgeable. Tua Haldin-Herrgard(2000) proposed that 

face-to face way is the most common way of knowledge transfer and share. Among the 

different modes of knowledge acquisition, face-to-face is the most useful way to transfer 

knowledge (Koskinen K. U. and Vanharanta H., 2002). Based on the previous studies, we 

suggest that knowledge acquisition has direct impact on knowledge transfer, and it will 

finally have impact on innovation, and the “face-to-face” mode has more significantly impact 

than the virtual way. 

 

 

Methodology 

An agent-based model has been applied into this paper to simulate the modes of knowledge 

acquisition and knowledge transfer in regional innovation network. To help to assess the 

knowledge dynamics and innovation network, network analysis provides several measures at 

different levels, on the node level (firms, universities), group level (research project) or 

network level (industry sector). With measures such as centrality, density, and betweenness, 

the network structure can be captured. Network dynamics and the performance of the 

network can be understood through the use of robustness, efficiency or effectiveness 

measures (Coulon, 2005). Knowledge dissemination, especially the diffusion of tacit 

knowledge is at the centre of Cowan’s (2004) work. Here, face-to-face acquisition is essential 

for disseminating of this kind of knowledge. Hence the role of geographic distance and 

‘social distance’, both plays a major role and this can be analyzed with SNA. Also, 

knowledge not only can be analyzed as flowing through the network, knowledge itself can be 

represented as a network (Saviotti, 2009). However, SNA has been ‘just’ a static analytical 

tool. Network measures and graphs only provide snapshots of the current network states but 

do neither explain what ‘happens between the states’ (Ahrweiler, 2010) nor why or how 

innovation or knowledge is flowing through the network (Ahrweiler, 2010). To allow for 

these questions to be tackled, SNA has to be combined with a theory of agency or behavior 

(Coulon, 2005).  

The agent-based model used in this paper is based and improved on the SKIN(Simulating 

Knowledge Dynamics in Innovation Networks)model (detailed introduction of SKIN model 

see from Ahrweiler, Pyka and Gilber, 2004). The ABM model SKIN (Gilbert, Ahrweiler and 
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Pyka, 2007), captures the dynamics of knowledge creation and diffusion as well as the 

networking aspect of innovative behavior. Agents in the model are acting and interacting with 

each other in various ways, thereby leading to the emergence of innovations and network 

structures. (Ahrweiler et al., 2004). Agents are modelled as firms which on the one hand try 

to sell their products (innovations) to end-users. On the other hand, they sell or trade 

knowledge with other firms which use this knowledge and other raw materials which they 

have to buy, to create their own outputs. The firms follow the strategy to increase their sales 

and rate of innovation by improving their own knowledge base. This can be done by either 

conducting research (radical or incremental) or adapting to users’ needs or by collaborating 

with other agents. The model is thus a combination of a market model, on which products and 

knowledge is traded and a network model, capturing the knowledge dynamics between the 

actors. Interacting in networks thus provides an alternative to market coordination (Ahrweiler, 

Pyka, and Gilbert, 2011). For market interaction, firms are assigned a capital stock, which 

decreases by generating products or conducting research and increases when products are 

sold. 

 

 

Model 

Basic SKIN model, established by Pyka, Gilbert and Ahrweiler, represented the way of 

knowledge dynamics in and between the enterprises. By increasing firm’s knowledge base, 

every firm improves its innovation performance and its profit. And in order to improve its 

knowledge base, the firm tries its best to meet the end-user’s needs, to do the learning, to 

cooperate and to network with other firms. To improve the model, this paper focused on the 

behavior of the innovative agents, analyzed the impact of knowledge acquisition, knowledge 

transfer and innovation strategy, and innovation performance. 

 

Basic elements of regional innovation network model 

Kene 

The “kenes” in the model represent the knowledge database of an agent and consist of 

indefinite bit-sequences. The acquisition and transfer of knowledge are shown by the flow of 

kenes. Gilbert N., et al.,(2007) used “Kene”, a triple consisting of a firm’s C(capability), 

A(ability) and E(expertise), to represent the individual unit of knowledge of a firm. Jinhua 

Li(2008) simplified it as a dual-number, which contains a firm’s capability C in a research or 

business domain and level L to show the level of skills or ability. In this paper, this simplified 

two-tuples C/L is applied as the knowledge units of firm. 

{[
𝐶1
𝐿1
]⋯ [

𝐶𝑁−1
𝐿𝑁−1

] [
𝐶𝑁
𝐿1𝑁

]}                       (1) 

Product 

Based on the SKIN model, the element “product” here differs from the basic model. In the 

basic SKIN model, product is a number function mapped by several C/A/E triples. But in this 

paper, the product is characterized by set of several two-tuples C/L kene. This change makes 

it more reasonable to reflect the product formation. For instance, [C_1 C_5 C_11] represent 

one product and the Level of product is codetermined by all the level of this product’s kenes. 

This means the product’s quality Q (Q= L_1*L_5*L_11) is determined by the technical level 
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of such product. The number of technology type consisted in the product reveal the 

complexity of product, which eventually shows the difficulty degree of innovation. 

Innovation 

Product innovation is determined by IH(innovation hypothesis). When a firm find and get one 

new IH which is different from the current collection of kenes, this could be seen as product 

innovation. The acquisition of new IH may come from the firm’s own research as well as the 

feedback from firm’s customers, suppliers or other relative agents. Because of this, IH in this 

model could be produced from the model surrounding or firm’s partners, suppliers and 

customers. 

 

In this paper, the creation and allocation of IH in SKIN model has been reset. In the 

simulation, one new IH will be created in every interval time T passed. This new IH will be 

added into the set of IH, and allocated randomly to some firms in the innovation cluster. 

Through this way, it shows the initial productive innovation need produced by the firm’s 

individual research, production or sales chain. As soon as one firm successfully applies the IH 

into a new product, the model will remove this IH into the set of New-products, which shows 

that firm can get extra profit from the independent innovation. When a firm decides to choose 

an existed new product in the set of New-products to be its own IH for R&D, imitation 

innovation will be done by this firm then. In addition, when the numbers of firms which 

produce one new product exceed the threshold Q, this new product will be moved into 

Products since it is in a mature period that the techniques it need has been mastered by firms 

in this industry and firms can only get ordinarily profit from it. 

 

Agents 

Firms 

To simplify the model, only firms have been chosen as the knowledge carrier in this paper. 

Firms are the main agent in this model. Variables of the agent “firm” include strategy, 

collaboration, capabilities, expertise, product, quality, IH, capital, R&D-ability, C-lack, 

reward and firm-age. Here, collaboration means what the firm chose, collaboration or 

independent innovation. R&D-ability is a random number between 0.5 and 1. C-lake 

represents the technique or patent the firm lacks. For the strategy, it means the product 

innovation or technological innovation the firm is carrying out. There are some strategic 

choices for the firm to choose. 

In the model, imitation innovation is based on the current products, and it is proposed that the 

success rate of imitation innovation will be  

P𝑖
′ = 𝑃𝑖 + ∆                            (2) 

Linkages 

There are different kinds of linkage among the agents in innovation network, including the 

formal linkages within the agents as well as informal linkages, such as supply chain, 

partnership, group, transfer, and previous partnership. What should be mentioned here is the 

linkage “transfer”, it suggests that when firm need any essential technique or patent through 

the research stage, it can get what it need by knowledge transfer through different modes of 

knowledge acquisition. The provider could be other firms as well as universities. As it should 

be, the receiver need pay a certain fee to the provider. 
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Setting surroundings 

Success rate of innovation 

The success rate of product innovation depends on the techniques a firm or innovation group 

hold. 

p = ∏
𝐸𝑖

𝐿𝑖

𝑘
𝑖=1                            (3) 

p is the success rate of innovation, Ei is the technical level a firm or group owns, Li shows the 

highest level of that technology in industry. 

There is technological innovation group in the model, and such group is a kind of virtual firm. 

It possess the attributes and behavior as same as the other ordinary firms. The kenes of a 

group is the union of all the members’ kenes in this group. When firm or group lacks some 

essential technology, it will not be successful in the product innovation. Therefore, the firm or 

group needs to do the internal research or technical transfer to get such essential skill. Some 

complementary firms may form innovation group or some group may continue to attract 

firms to join in, so that the innovation success rate can be enhanced. To get IH, firm or group 

would like to do the innovation attempt finitely. When the attempt exceeds the limitation, 

firm will give up the research of this IH and turn to find one new. 

Market feedback 

The rank of the product depends on the technical level of this product compared with the 

similar products. 

𝑅𝑚 =
𝑞0−𝑀𝑖𝑛(𝑞𝑖)

max(𝑞𝑖)−min(𝑞𝑖)
                      (4) 

q0 is the product quality, max(qi) is the highest quality of the similar products, min(qi)  is the 

lowest quality of the similar products. Firm’s reward lies on not only the products’ technical 

level, but also products’ the innovation degree.  

  Reward = {
𝛼𝐻 ∙ 𝑅𝑚0 ≤ 𝑚 ≤ 𝑘
𝛼𝐿 ∙ 𝑅𝑚𝑚 > 𝑘
0𝑃𝑟𝑜𝑑𝑢𝑐𝑡 ∉ 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 − 𝑠𝑒𝑡

           (5) 

Reward represents the profit firm get by producing one product; m is the amount of firms 

which produce this product; k is a certain constant. When m ≤ k, the firm get extra profit, 

and αH is coefficient of high return. When m>k, firm get ordinary profit, αL is coefficient 

of low return. And when the product is not in the product-set, it gets no profit. 

Initial setting 

The initial setting of the simulating experiments was set according to the developing 

condition of knowledge-intensive industry of Wanjiang economic zone in China. Wanjiang 

economic zone, mainly describes nearly 800 miles Yangtze River area which runs across 

An-hui province in China. It refers to 9 Chinese cities, which including Hefei, Wuhu, 

Maanshan, Tongling, Anqing, Chizhou, Chaohu, Chuzhou, Xuancheng and the counties. 

Except these 9 cities, the Jinan district and Shucheng County are also included in. Because of 

the comprehensive advantages such as obvious location, good industrial foundation, low 

factor cost and strong supporting capacity, the Wanjiang economic zone is regarded as one of 

six growth-poles for improving the economic development of central China. In addition, it 

was assigned as a technological innovation pilot zone, which shows the outstanding role of 
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Wanjiang economic zone in national strategy.  

430 of 470 questionnaires have been delivered back via email. And in these 430 

questionnaires, there are 53 haven’t met our requirements on investigated firms. Among these, 

17 companies are low-technology, which is without cooperative innovation or innovation 

performance, and 36 companies haven’t finished their questionnaires completely. Thus, we 

finally got 377 valid questionnaires and the effective rate is 80.21%. Which should be 

mentioned is that all the questionnaires should be answered by technical directors or senior 

managers of the enterprises. And in addition, the initial network of this model was presented 

as network formed by the supply-chain relationship. 

To set initially, the number of firms is 377, and the initial average level of kene is 0.5. Every 

40 ticks show one year in the reality. And when the model comes to 800 ticks, it simulates 

nearly 20 years in the real world. 

 

 

Experiment and results 

Comparative experiment, which tests the influence of knowledge acquisition on network 

innovation performance, has been done in this section. To simplify the model and experiment, 

here, we determined to do the comparative experiment based on the two different modes of 

knowledge acquisition (face-to-face and virtual). In this simulation experiment, it is proposed 

that there is no node of universities in this experiment, therefore only knowledge transfer 

among firms in network exists here. It is proposed that when a firm chooses to cooperative 

innovation, it only choose partners from the existed relationship. Firm would not change the 

strategy according to the market feedback. Firm only carries out the imitation innovation. In 

addition, there are no big-firms in this experiment. 

 

Figure 1-influence of knowledge acquisition on the number of firms  
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Figure 2-influence of knowledge acquisition on average technical level  

 

 

Figure 3-influence of knowledge acquisition on the number of innovative products 

 

The figures above indicate the influence of knowledge acquisition on the number of firms, 

average technical level and innovative products. The results show that the face-to-face mode 

within innovation network makes the quantity of firms in innovation network generally 

higher than that of virtual way. The face-to-face way of knowledge acquisition have more 

significant influence on the number of firms, average technical level and the number of 

innovative products. 

 

 

Conclusions and discussions 

Conclusions 

In this paper, the basic SKIN model is drawn lessons from and improved to describe the 

knowledge dynamics of firms, and the innovation agents such as firms. While doing the 

comparative simulating experiments, we emphasis on checking the influence of knowledge 

acquisition mode on the innovation network performance. As what have been shown in the 

results, the knowledge acquisition can highly increase the technical level of innovation 

network and innovation performance. Compared with the two modes of knowledge 

acquisition, it has shown that the face-to-face mode of knowledge acquisition impacts on a 

higher level.  
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Therefore, based on the research, we propose some suggestions for the construction of 

knowledge management in practice. It would useful and meaningful to create and maintain 

the environment for face-to-face acquisition between employees, experts and decision maker 

within enterprise and within cooperative enterprises. An “easy to learn” environment will be 

beneficial to organizations to transfer knowledge, technology as well as culture. Besides, the 

platform for informal communication is also a good choice for employees to share common 

field of knowledge, and such atmosphere can help people be relaxed and friendly, of which 

would finally create a cultural environment for respecting knowledge, boosting learning and 

encouraging innovation. 

 

Contributions and limitations 

This study contributes to the growing interest in integrating simulating approach in studying 

knowledge acquisition and innovation performance, which has not been fully investigated in 

the prior literature. And as noted earlier, for the concept and classification of knowledge 

acquisition, this study makes a summary and improvement based on the previous researches.  

However, this study is also subjected to several limitations that provide room for future 

research. First, the initial setting of this model is based on the survey in context of Wanjiang 

economic industry in China. Secondly, the comparative simulating experiment in this paper is 

simplified that only cooperation has been chosen as the innovative strategy. And we ignore 

the condition of big firms and other research organizations (eg. universities and research 

institutions). Although it may be enough to identify the relationships between knowledge 

acquisition and innovation performance, however, to improve on our study, further studies 

can try to do experiments on other conditions. 

 

This paper was supported by the Chinese National Social Science Fund Project of Ministry of 

Education (13YJA630041). 
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