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ABSTRACT 
This study uses social network perspective to investigate the innovation network of the telecommunication industry in Taiwan. Moreover, this study attempts to 

understand and explains the relative position and the invention relationship among Taiwan's telecommunication innovation network, and discusses Taiwan's tele-

communication industry in the structural characteristics. Based on patent and citation analysis from USPTO data, this study investigates innovation network in 

Taiwan telecommunication industry from 1979 to 2008. This study uses three network centrality indicators (degree centrality, betweenness centrality, and closeness 

centrality) to elevate innovation network in Taiwan's telecommunication industry. Additionally, this study employs neighbor analysis to investigate connection in 

sub-group. The study found the relative position of individual in innovation network would influence the innovation information obtained. The result revealed that 

it has no critical inventor in innovation network, but has a lot of small and less linkage groups in one. There are many strong ties relationships, but less weak ties 

relationships in innovation network of Taiwan communication industry. According to Granovetter’s (1973) weak tie theory, it should encourage creating more 

innovation with weak ties in Taiwan telecommunication industry. 

 

KEYWORDS 
innovation network, social network, telecommunication industry, weak tie, patent citation. 

 

INTRODUCTION 
ecause innovation is the dominating resource in the knowledge-based economy, effective management of knowledge and innovation thus has become a 

key to corporate success, technology progress and economic development (Babco, 2004). Many studies found that the ability to establish effective rela-

tionships in innovation network for developing organizational innovative capacity. Innovation network is defined as the linkages between organizations or 

individuals, in order to create, capture and integrate the different knowledge needed to develop technologies. In Taiwan, the high-tech firms cooperate mutually 

from the beginning of the invention input to the end of innovation product, and they build an innovation network with a tight relationship. Firms create innovations 

and protect them through patent application. In innovation network, members connect with each others and share information. Moreover, inventors might utilize 

innovation network to create new inventions and patents. To understand the relationship of the innovation network, this study would investigate the relationship 

between patent inventors in Taiwan telecommunication industry. 

 

REVIEW OF LITERATURE AND OBJECTIVE OF THE STUDY 
Social network perspective utilizes “relationship” to be a tool to evaluate the status of members (Garton, Hyaythornthwaite, and Wellman, 1997) and understand 

how the network influences each other (Scott, 1991; Waeeerman & Faust, 1994). Innovation network, taking a view of social network perspective, likes a social 

network and owes various connections with others behind it. Social network analysis provides a viewable system to analyze the connection of a network (Beaucage 

and Beaudry, 2006). In generally, networks have five kind of special characteristics: size, heterogeneity, density, linking, and overlapping. There are three basic 

elements in network, including actors, relationship among actors, and the connection among actors. To take an actor as a node, and the relationship among actors 

as lines, and then it forms a social network (Granovetter, 1973). An actor could be one person (Wellman, 1996; Wellman et al., 1997), an organization, a company, 

a unit or an event (Laumann and Knoke, 1990). An actor might be shown in several networks, and play a different kind of roles at the same time. The different 

roles of an actor could induce the connection effect with others. With a social network perspective, it points up the critical actor in the social network by illustrating 

map. According to this, it could know the most critical strategy role. Freeman (1979) pointed out that there is three indicators to elevate the criticality of an actor, 

including degree centrality, betweenness centrality, and closeness centrality. From three network centralities, we could find out “the star” of the network. The 

star is center point, and lot of connection link to the star or around. For example, a giant social network must have a center point, and this point owns the important 

strategy power in the whole network. For the whole network, the center point is the highlight and the whole network would all focus on it. Restated, this study 

uses social network perspective to investigate the innovation network of the telecommunication industry in Taiwan. Moreover, this study tries to understand and 

explains the relative position and the invention relationship among Taiwan's telecommunication innovation network, and discusses Taiwan's telecommunication 

industry in the structural characteristics 

 

RESEARCH METHODOLOGY 
Patents contain references to relevant prior art, including other patents. These references are called citations. Backward citations of a central patent are the 

references cited by the central patent. Forward citations of a central patent are the patents that refer to the central patent. A citation network consists of patents 

as nodes and citation relationships between them as links. The nodes and links form a network or graph. This study investigates innovation network of Taiwan 

communication industry based on citation network, and it was formed by citing patents and cited patents (Stuard & Podolny, 1996; Lai & Wang, 2009). With a 

social network perspective, it appears the relationship among the patent or innovation information. In addition, we also could realize the degree of citation and 

the relative status. This study employed Netminer software to build up an innovation network and analyzes the connection of it.  

Patents and citation data set used in this study are collected from the patent pilot database which based on the U.S. Patents and Trademark Office (USPTO). Due 

to the classification of International Patent Classification (IPC) set up by WIPO (World Intellectual Property Organization), it could show a clear filed of an industry 

in code. Each patent application is assigned by patent examiners to one main technology code and one (or more) secondary technology codes. This study adopted 

a technology-oriented classification by Breschi et al. (2003), telecommunication related technologies belong to 19 different sub-patent categories: H03b, H3c, 

H03d, H03h, H03k, H03l, H03m, G08b, H01p, H01q, H04b, H04h, H04j, H04k, H04l, H04n1, H04n7, H04n11, and H04q. Based on patent and citation analysis from 

USPTO data, this study investigates innovation network in Taiwan telecommunication industry from 1979 to 2008. 

 

B
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ANALYSIS AND RESULTS 
Figure 1 displays the patent count in Taiwan telecommunication industry from 1979 to 2008. It had a low level of patent count in ICT before the 2000 year, and it 

had increased incrementally over time after the 2005 year, peaking in 2008 year. The total patent count of Taiwan telecommunication industry is 3577 from 1979 

to 2008. 

FIGURE 1: PATENT COUNT IN TAIWAN TELECOMMUNICATION TECHNOLOGY DURING 1979-2008 

 
To examine innovation network in Taiwan telecommunication industry, this study utilized patent inventor has at least 3 patents, and analyzed the relationship of 

their connection. This study found that it has 406 patent inventors and 692 connection lines. Based upon citation network analysis, innovation network in Taiwan 

telecommunication industry is shown as Figure 2. 

From the innovation network, it could appear the core member by using evaluating the degree centrality (Krackhardt, 1993). In analysis of the whole innovation 

network, the result of in degree centralization index (InDegree) is 39.91%, and out degree centralization index (OutDegree) is 35.455%. It means that in this 

network it is less similar to Star-shaped, and the network has no critical patent highly connected with others (Krackhardt, 1993). (FIGURE 3 and 4). In analysis of 

individual inventors, results from analyzing the degree of centrality, we obtained the minimum is 0, and the maximum is 0.41. The inventors has the maximum 

degree centrality are Feng; Sheng, Lien; Jung-Cheun,Liu ; Tong. Therefore, in this innovation network of Taiwan telecommunication industry, these three investors 

stand at the critical status and have most powerful impact on their network. 

 

FIGURE 2: INNOVATION NETWORK IN TAIWAN TELECOMMUNICATION TECHNOLOGY BASED UPON CITATION NETWORK DURING 1979-2008 
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FIGURE 3: INDEGREE CENTRALITY IN INNOVATION NETWORK 

 
 

FIGURE 4: OUTDEGREE CENTRALITY IN INNOVATION NETWORK 

 
Closeness centrality is an indictor evaluated the shortest distant for a point to the others. The closeness centrality of Taiwan telecommunication innovation net-

work could reveal the citing relationship with other inventors. In analysis of the whole network, results show the inCloseness is 10.321% and outCloseness is 

12.971%. They are smaller than degree centralities. In analysis of individual inventors, Chiu; Tsung-Wen and Tseng; Kuo-Hua, has the maximum closeness centrality, 

and it means that these inventors are highly connected with others. 

Betweenness centrality is a measure of the influence a node has over the spread of information through the network. In analysis of the whole network, results 

show the betweenness network node between central index is only 0.482%, and it is very low. In analysis of individual inventors, inventors with the maximum 

betweenness centrality are Chiu and Tsung-Wen. In other words, Chiu and Tsung-Wen play most intermediary role in the Taiwan telecommunication innovation 

network. 

To discusses Taiwan's telecommunication industry in the structural characteristics, this study use neighbor analysis to investigate connection in sub-group. The 

study employed the inventor “Feng; Sheng” who citing 166 patents in Taiwan telecommunication industry as a research representative. Based upon the result of 

neighbor analysis, this study found that 7 inventors, including “Feng; Sheng”, are full conntected (FIGURE 5). In the illustration, every node has mutual connection 

with each other, that is, every inventor cites the patents of the other 6 inventor.  
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FIGURE 5: SUB-NETWORK WITH THE CENTER OF “FENG; SHENG” 

 
Knowledge flows of innovation in ICT between India and China. Main knowledge sources of innovation in ICT between India and China are same from external 

knowledge inflow (99.65% and 97.65%). Both USA and Japan are main knowledge sources of innovation in India and China. France and Germany are third and 

fourth knowledge sources of innovation in India. In China, Taiwan and South Korea are found to be third and fourth knowledge sources of innovation in China. Top 

10 countries of knowledge outflow for India and China are similar to results of knowledge inflow. India and China have high interrelationships with fully developed 

countries, but China has a higher level of knowledge spillover with Asia’s newly industrialized countries (Taiwan, South Korea). On the other hand, knowledge 

inflows are more eight times than knowledge outflows in India and China. India and China are found to be knowledge accepters more than knowledge creators. 
 

CONCLUSIONS AND DISCUSSION 
Based on the social network analysis, this study examines the innovation network of Taiwan telecommunication industry from 1979 to 2008. The relative position 

of individual in the innovation network would influence the information which could acquire. For example, member in the center of network has most linkages 

with actors and stand a key position of knowledge flow. Though the linkages, it could acquire the most information and resource. Many researchers (Ibarra, 1993; 

Tsai, 2001) believed that the one who is closer to the center of network might touch the innovation knowledge and resource more. The study found the relative 

position of individual would influence the innovation information obtained.  

In analysis of the whole innovation network, the mean of degree centrality, betweenness centrality, and closeness centrality are 0.012, 0, and 0.008. The three 

indicators of centrality are very low. It demonstrates little inventors can stand on the most core status in innovation network of Taiwan telecommunication indus-

try, and the connection of this innovation network is less. There are so many inventors have no connection with others in the whole telecommunication industry 

network, but only a part of the inventors have higher degree of connection. In addition, with Neighbor analysis it found that 7 inventors are full conntected, and 

that cause a situation of Strong Ties. For small group analysis, we could realize members of the small group only tightly connected with the one from the same 

group and did not connected with other groups. In a word, there no core inventors in the innovation network of telecommunication industry, but there are a lot 

of small groups has less connections with outside. Granovetter (1973) commended that strong ties facilitate the connections and acts with other individual with 

similar traits, but weak ties help the communications with other different groups and promotes the transmission of information. We find there are many strong 

ties, but less weak ties in innovation network in Taiwan communication industry. According to Granovetter’s (1973) weak tie theory, ties among members of a 

social group are likely to be strong. However, ties that reach outside the clique tend to be weak. It also posits that rich networking leads to more non-redundant 

sources of information, since non-redundant contacts offer information that is additional rather than just overlapping (Burt 1992). The weak ties actually are 

sources of more knowledge than are strong ties. For an innovation network, the more information it has, the better the knowledge creation promoted. Therefore, 

it should encourage creating more innovation with week ties in Taiwan telecommunication industry. The government should encourage inventors walking out of 

his small group, and enhance forming weak ties. Once the weak tie relationship is established well, telecommunication industry in Taiwan must be very powerful 

and competitively. 
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