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摘要:專利屬於企業研發投入中較易被量化的一種知識產出，利用專利分析

可以評估公司無形資產的價值。近年來許多專利分析大都偏向專利指標的衡

量。有別於以往的研究，本研究嘗試利用社會網絡的概念與小世界網絡模型，

針對 TF下LCD 產業專利引用網絡進行分析。結呆顯示，專利引用網絡為小

世界網絡，其小世界網絡特性十分顯著。另外本研究從專利被引用、專利引

用他人專利、專利總連結數三方觀察，發現不論何種型態的連結次數分布均

呈現幕次分自己的型態;若從專利引用次數的成長趨勢來看，我們也可以看出

專利的引用具有偏好，也就是說某些專利對於產業技術而言是發展的主流。

最後我們針對具有高中介性的專利也就是專利引用網絡中的弱述結做測試，

發現的 75%的專利引用行為都與中介性高的專利有闕，當我們去掉這些專利

之後會有 50.6%的專利知識符不到交流。

關鍵詞:小世界網絡;弱連結;專利引用;中介性

Abstract: The patent is an indicator of research and development output that can 

be quantitatively analyzed. A patent analysis can be utilized to evaluate the value 

of a firm's intangible assets. Up to now, patent-in自x methods have been widely 

adopted by various researchers for patent -related analyses. Unlike those, this 
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study a位empts to use the social network concept and small自world network 

behavior to analyze the TFT-LCD patent citation networks. The study shows that 

the patent citation network can be fully characterized by using the small-world 

model. We also analyze the number of upstream and downstream citations and 

discover that the number of patent citations is dis仕ibuted according to the power 

law. When investigating patent citation growth, we also notice that patent citations 

are highly selective. In other words, only a few patents represent the mainstream 

of industry development. Finally, we validate the importance of patents with high 

betweenness cen甘ality and discover that 63.75% of patent citations are closely 

related to them. When the patents with high betweenn的s centrality are removed 

企om the citation network, 50.6% of patent technical information ceases to flow 

Keywords: Small-world networks; Weak ties; Patent citation; Betweenness 

cen缸在lity

1. Introduction 

Since the rise ofthe knowledge-based economy, knowledge has become an 

asset that businesses desire to develop and protect. The patent is an indicator of 

research and 吐evelopment output that may be quantified. Alok et al. (1 993) 

pointed out that a patent is a very useful tool for tracking the information 

exchange between enterprises and their environments. By analyzing patents, we 

can un社erstand the direction ofthe knowledge flow and where they are originated 

from. Therefore, not only do we know how the enterprise uses the patent's 

technology as a strategic weapon, but we also have visible evidence of how 

information is diffuse吐， and we can discover the existence of primary or key 

tec加1010gies.

According to statistics by Taiwan's Executive Yuan, 5938 patents were 

approved by the United States in 2004, and more than the 5928 cases in 2003, 
ranking Taiwan as the fourth country in the world for approved patents. Taiwan's 

enterprises have been very proud of the number of patents that they own 

However, although the number of Taiwan's patents continues to increase, the 

amount in royalties that local companies pay to foreigners has not decreased 
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either. In fact, there is a seemingly endless s甘eam of patent lawsuits, indicating 

that the quality ofTaiwan's patents still needs to be improved. On the other hand, 

according ωMoshinsky (2005), 73% of American enterprises wo叮y that, in the 

coming three years, low-quality patents wi\l cause the cost of patent lawsuits to 

be even higher than they currently are. Jeffery Hawley, President of the 

Intellectual Property Owners Association (IPO), also believes that high-quality 

patents are the key element to lowering patent lawsuits. Therefore, owning 

patents does not necessarily give an enterprise an advantage. Only owning key 

and high-quality patents can unleash the advantageous effects of patent 

deployment. 

In order to analyze the patent quality, most researchers choose a certain 

patent indices as the measurement. Although these patent indices may represent 

the “ innovative productivity outcome" in a more quantitative manner, there exist 

cert耳in limitations. Many indices are merely used to measure the overall 

performance ofall patents. For example, the total number ofpatents is quoted as a 

means of numerical analysis, but with regard to measuring the performance of a 

particular patent, extremely few good indices actually exist. 

Up to now, research on the impact of social networks on patent citations has 

been limited. The small-world network concept has not been utilized to analyze 

patents in the literature either. Yoon and Park (2004) and Han and Park (2006) 

separately used social networks to measure the degree of central旬; and the 

density of index to measure the inter-connectivity of patents. However, they did 

not profile the actual features of the patent citations. F or example, are patent 

citations similar to research paper citations? Although Wartburg et al (2005) used 

the concept of social networks to analyze the multi-stage patent citations networks, 

his study was limited to only the network locations, and did not have the exact 

index to mark the individual patent performance, e.g., exactly which patent 

actually had most influence on the capacity for information exchange within the 

patent networks. In other words, in the above literature, although the researchers 

used partial social networks, or methods to analyze patent deployme泊， they do 

not focus on the application of social networks to analyze the patent 也ployment.

In order to compensate for the aforementioned deficiencies, our research is 
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based on a more thorough network point of view to understand the patents' 

technical position and the extent of出eir influence. Enterprises can re-examine its 

patent deployment strategy by analyzing the existing patent citation networks. 

Thinking of patent deployment 企om the intellectual prope向T perspective is an 

important strategic consideration in the commercialization of technology. Besides 

being able to ascertain a company's patent position, we can also compare and 

contrast the position based on previous development plans, thus providing new 

directions for fuωre development. To have a more in-depth understanding of也e

properties of patent citations, and to investigate the network connections fonned 

by mutual patent citations with the supplement of social network index to measure 

how individual patents relate to the patent knowledge flow, this research is based 

on Watts and Strog駝， (1 998) “small-world" network and Barabási and Albert's 

proposed “scale-free" network model. We hope that, by means of emphasizing the 

network concepts in the research of patent citations, we may open a new direction 

in the study of patent deployment 

In order to verify the appropriateness of using network perspectives to 

evaluate patent quali紗，出is research will focus on the liquid crystal display (LCD) 

industry as a case study of patent deployment. After the United States developed 

LCD technology in 1968, Japan's Sharp Company began to use it in digital 

watches and ca1culators in 1973, thus initiating their utilization in Asia's 

flourishing consumer electronics indus甘y. Up to now, the global production of 

thin-film 徊的istor (TFT) LCDs has been concentrated in Taiwan, Japan, and 

South Korea. The relationships among indus仕ies in these three countries have 

been simu1taneously competitive and collaborative. 

This paper contains seven sections. The first section is an introduction that 

describes the research background, motivations, and objectives.τne second 

section discusses prior research on patent analysis, as well as the possible 

co-relation between patents and knowledge flow. The third section reviews 

articles relating to small-world phenomena and social ne趴lork concepts. The 

fo叮th section describes the research design and methodology. The fifth section 

conducts a small-world phenomena analysis of the patent citations network and 

also investigates the impact of high betweenness centrali勻。np
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flow. The sixth section concludes our research and discusses its implications for 

management research. Finally, the seventh section explains this research's 

constraints and potential future research directions. 

2. NetworkAnalysis and Information Flow 

Rajeswari (1 996) believed 也at patents can protect research outcomes and 

are an important indicator of R&D achievement. The patentees want to have 

exclusive rights until the patents expire. Mogee (1 991) believed that patents 

represent public technical information which can be used to measure the national 

technological progress and set standards for future inventions. Therefore, one can 

derive useful technological status and intelligence from this information pool 

about industrial or national competitiveness. Narin and Noma (1987) pointed out 

that patent-related information is an “excellence index" to measure an enterprise's 

technological s仕eng甘1. Ashton and Sen (1 988) proposed that patent related 

information can provide enterprises with unique information in determining their 

technical positions against competition and how they should manage their 

technology and product development. Emst (2003) believed 也at patent-related 

information can help business executives to make decisions, an社 also allow 

investors to determine a company's future ability to ∞mpete. 

In order to utilize the knowledge revealed by patent analyses more 

effectively and precisely, Liu and Shyu (1997) proposed that patent analysis helps 

the company to formulate the basis of policy for research and development. On 

the other hand, Abraham and Moira (2001) pointed out that patent analysis is an 

important method to assess the evolution direction of a specific technology. 

Gassler et al. (1 996) used patent analysis to investigate the levels of mutual 

dependency among various industrial sectors in Austria 

Many other scholars also believe that patent analysis has a unique value. 

McGee (1991) pointed out that patent analysis results should have 1) analysis of 

competitors; 2) technological tracking and forecasting; 3) milestone developments; 

4) analysis of national strategy; 5) the discovery of patent in企ingement and the 

value of patent infringement monitoring. Berkowitz (1 993) proposed that patent 
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information analysis has the following useful values: 1) recognition of invention; 

2) recording of invention; 3) filing decision; 4) searches; 5) case s甘ategy; 6) case 

drafting and revision; 7) foreign filing prosecution; 8) opposition; 9) maintenance; 

and 10) enforcement 

Related patent analysis has been conducted because indus甘ial executives, 

national policymakers, and social scientists realize that development in science 

and technology has a significant effect on the ability of a countηr or company to 

grow and compete. Therefore, they increasingly emphasize patent studies (0紅g&

Padhi, 1998). Oenerally speaking, patent indices are measured by the quanti句r and 

quality of patents. 甘le quantity of patents is usually analyzed by the number of 

patents approved and the number of applications filed. Patent “quality" is 

typically analyzed by the number of patent citations, the strength of its t的加ology，

the category of the patent, etc. Bernd et al. (2006) proposed that information 

disclosed by patent indices can be used to evaluate a company's patent s甘ategy.

Narin (1 995) pointed out that patent indices are usually used to measure the level 

of industrial R&D efforts. As regarding policy, it can also be used to measure 

trans-regional R&D policy - for example, to ∞mpare regional policy in Europe, 
Japan, and the United States. It can be used as well to measure the industry's 

R&D from the points of view of enterprises. 

A well-known American patent research organization, CHI Research, is 

using the following patent performance indices to guide stock investment: 1) 

number of patents; 2) patent gro叫h percent and percent of company patents in 

area; 3) citations per patent; 4) current impact index (CII); 5) technology strength, 

TS); 6) technology cycle title time (TCT); and 7) science linkage (SL). Karki 

(1 997) also developed the following common indices for patent citation analysis: 

1) h崢Iy cited pate帥; 2) number of no-patent 1祉s 們PLs); 3) technical impact 

index (TII); 4) Current Impact Index (CII); 5) Technology Cycle Time (TCT); 6) 

Technology Strength (TS) 

Patent analysis assesses citations among patents quantitatively and 

statistically. From the patent citation network, we may discover key patent 

technology and important technological groups. Through analysis compari月

countries, companies, and different areas of technology and scien白， analysts can 
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evaluate thepatent quality 'Of impact fr 'Om patent-citati'On relati 'Onships. Theref'Ore, 

Karki (1 997) prop 'Osed that patent citati 'On analysis can be applied t'O: 1) 

identificati 'On 'Of leading techn'Ol'Ogies am'Ong technical activities; 2) measureme凶

。f c'Ountry's patent citati 'On perf'Ormance; 3) drawing 'Of a techn 'Ol'Ogy m旬; 4) 

gathering techn'Ol'Ogy news and inf'Ormati'On; 5) links between scientific areas; and 

6) measurement 'Of f'Oreign dependence 

Al 'Ok et al. (1993) believed that progress in industrial techn'Ol'Ogy is 

acc 'Omplished by the inventi 'On and applicati 'On 'Of new techn 'Ol'Ogies. S'Ources 'Of 

techn'Ol 'Ogical inn'Ovati 'On may c'Ome in part fr'Om a c'Ompany's 'Own techn 'Ol'Ogy as 

well as 企'Om extemal kn'Owledge. Only by c'Ombining techn'Ol'Ogies 企'Om b'Oth 

s'Ources can the industry pr'Oduce a s'Olid kn'Owledge base. Enterprises will use 

these tw'O s'Ources 'Of inf'Ormati 'On because; 1) inside the enterprise, intemal private 

kn'Owledge is highly sensitive and easily l'Ost; 2) industry must devel 'Op its 

techn'Ol'Ogy very rapidly; and 3) there is a c'Onstant threat fr 'Om extemal 

c'Ompetiti 'On. Theref'Ore, c'Ontinu'Ously examining where the kn'Owledge fl 'Ow 

c'Omes fr'Om, and where it is g'Oin皂， is a way 'Of assuring the enterprise's ability t'O 

c'Ompete. H 'Owever, patents are instrumental in revealing an enterprise's 

kn'Owledge fl 'Ow. By using patents, we can understand the directi 'Ons and s'Ources 

'Of kn'Owledge devel 'Opment (Al'Ok et al., 1993). Jaffe et al. (2000) disc 'Overed that 

gr'Ouping pattems 'Of patent citati 'Ons can be used t'O represent the patent 

kn'Owledge fl 'Ows. 

Currently, there are many research examples that utilize patent citati 'On fl 'Ow 

am'Ong industries and nati'Ons. Jaffe (1989) used patent citati 'Ons t'O expl 'Ore the 

influence 'Of university patents and their sci巴ntific publicati 'Ons 'On industrial 

invent'Ors. Besides, by using patent citati'On analysis we are als 'O able t 'O identify a 

wide range 'Of kn'Owledge research 'Outfl 'Ow. After Fung & Ch'Ow (2002) analyzed 

244 patent citati 'Ons fr'Om b 'Oth industry and ente中rises， they disc'Overed that 

80.7% 'Of c'Ompanies did n'Ot use s'Ources fr 'Om l'Ocal industry. Albert and Adam 

(2003) used patent citati 'On trends t 'O prove that S'Outh K 'Orea's invent'Ors tended ω 

use Japanese techn'Ol'Ogy, while Taiwan's inventors used American and Japanese 

techn'Ol 'Ogies, indirectly verifying where K 'Orean and Taiwanese techn'Ol'Ogy 

inf'Ormati 'On c'Omes 企'Om. By means 'Of techn'Ol'Ogy inf'Ormati 'On analysis, Albert 
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(2004) proved that, with the 叫abli枷圳 in Sing恥re of R&D departments of 

muItinationals, access to the sources of knowledge has increased for Singaporean 

inventors. By using patent citations, Park et al. (2005) also found muIti-industry 

trends of technology 知lOwledge flow. 

3. Small-World Networks Concepts and Research 

3.1 SmalI-World Networks 

SmaII-worId networks were first observed and analyzed by the sociologist 

Stanley Milgram in 1967, who designed an experiment to explore the structure of 

a social network and its effects on information exchange. In his original research, 

he s巳lect巳:d 296 stockbrokers in Boston and then asked them to transmit a message 

也rough their own social networks. When Milgram examined the 仕ansm1sslOn

results, he discovered that, among aII the messages sent to the stockbrokers, 
virtuaIIy aII were connected by no more than six degrees of separation. Judging 

from these results, a sociaIIy networked worId is much smaIIer than what we 

might expect. AIthough the smaII-worId phenomena were already discovered in 

1967, the causes of these networks, and the basis of mathematical models, were 

not developed until 1998. Watts and S仕ogatz (1998) first proposed one 

explanation of smaII-worId network models, whiIe Barabási & Alb巳rt (1999) 

proposed another smaII-worId model 合om a different perspective. 

The smaII-worId network model proposed by Watts and Strogatz (1 998) is 

an intermediate model between the regular and random network approaches. This 

is done by means of “ rewiring" a regular ring lattice to 甘ansform a regular 

network to a randomly connected network, as shown Figure 1. The re冊mng IS 

done by connecting each vertex with an edge, in accordance with different 

probabili勾I values p. When p = 0, this indicates that the re-wiring possibiIity of 

each edge is O. As p is increased, the re-wiring probability of each edge in the 

network is also graduaIIy increased. When p = 1, aII the edges are re-wired, and a 

completely random network can be obtained. Between these two network graphs 

is a smaII-worId network. This kind of network possesses a high cIuster 
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coefficient and low-path length characteristic. 

Figure 1 

Changes in Graph for Edge ofVertex Under Different Re-Wiring 

Probabilities. Data Source: Watts and Strogatz (1998) 

Re恥袍， Small.削rtd Aand研洞

p= 。 .. p=1 
Im:r胃asing randomness 

9 

Watts and Strogatz (1998) po削ed out that, for the number of vertices N 

and the initial edge length of each vertex K, the c1ustering coefficient C and 

characteristic path length L w i11 change with the value of p. Assuming C(P) an社

L(P) the c1ustering coefficient and the feature path length respectively, the values 

of which we w i11 call. When p = 0 and under the conditions of the regular network, 

i.e., C(O) -3/4 and L(0)-N/2K>> 1, the c1ustering coefficient and feature path 

length are at its maximum. Whenp = 1, under a completely random network, both 

the c1ustering coefficient and feature path length are at a minimum. In other words, 

when p is a member of (0, 1), there exists an aτea in which C and L are both either 

increasing or decreasing. However, according to the simulation by Watts and 

Stroga紹， it was found that, when p is approximately equal to 0.1 , the clustering 

coe宜icient in a network is about the same. However, the feature path length 

c10sely approximates that of a random network. 

This kind of network model overturns modern people's concept of the 

network. Construction of the network is not completely random and haphazard. 
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As long as a few random elements are added to the regular network, we can 

greatly reduce the distance between each vertex but not destroy the feature of a 

high cluster. This network model happens to match the characteristics of networks 

with close links to modern-day networking phenomena. 

Because of discoveries by Watts and Strogatz (1998), networks became 

widely studied. Many scholars used various networks as specimens to explore 

network characteristics. Kogut and Walker (2001) examined financial enterprises 

in Germany in 1993 and their owners. They found th仗， in the financial industry, 

all of their personnel's network connections have small-world networking 

characteristics. When the enterprises merged and re-organized, small-world 

networking characteristics remained. Bart & Geert (2004) analyze吐 the

networking of chemical enterprises，也e food industries, the electronic industry, 

and s仕ategic alliances 企om 1980 to 1986. 四ley discovered that these enterprises' 

的tworks also formed a “small-world" network. Joel et al. (2004) took the 

Canadian investment banking network as a research subject, and found that from 

1952 to 1989, the investment banking network also continued to have small-world 

network characteristics: a minority of important banks possessed a great majority 

of the links. 

Barabási and Albert (1999) proposed another kind of network model, 

different from the Watts-Strogatz model. This was the scale-free network model. 

They believed that the real-world network's distribution scale (i.e. the distribution 

of connection numbers) does not follow the Boltzmann-distribution nor the 

exponential-distribution but rather a power-law distribution. In such a dis仕ibuted

network，位詢問 is a minority of connecting nodes which has a large majority of the 

connections. A large majority of the connection nodes also has a small proportion 

of the connections. Because of this common phenomena, any node point in the 

network, and also other k nodes, has a connection probability p (k) is proportional 

to k.Y , where y has been proven to lie approximately within 2.1 and 4. 

Barabási & Albert (2002) suggested that the scale-企ee network model was 

different from the Watts-Strogatz model in two ways. First, the Watts-Strogatz 

model assumes that the size of the network, which is the number of nodes N, 

remains as a constant under any rewiring possibility. Lawrence & Giles (1998) 
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discovered that the number of Internet Web pages grows exponentially with time. 

Second, the Watts-Strogatz model assumes that when two nodes are connected, 
they are stochastically independent, but in fact they are not, because for any node 

with links, the possibility that they are connected to others increases. In reality, 

the nodes' interconnections have cIear preference. For example, a new Web page 

is more oriented towards Web pages with lots of connections and traffic, and more 

citations. Often the new page wiII prefer to link to Web pages that are already 

well-Irnown and have lots of links. U sing a scale-free network with highly 

selective characteristics (or preferential a仕achment)， Barabási & Albert (1999) 

calculated the possibiIiψof a node point achieving a connection at different 

points in time. The probability of a network node achieving a new connection is 

proportional to its number of connections. 

Therefore Barabási et al. (1 999) 蜘died the growth of scale-free networks 

with preferential attachment and described their two characteristics as follows: 1) 

in the initial growth of the network, there is a very smaII number of nodes 

designated by mo. As time goes on, m (m 三三 mo) existing nodes become connected. 

In the meantime, the number of nodes also increases. 2) The preferential 

attachment within the work of new nodes, i.e., the probability of connecting to 

other nodes, is determined by i, which posses a number of connections k; as 

follows: 

p(的 =h/ZKJ
) 1 ( 

After time t, the whole network wiII have t+mo nodes, and mt connections, 
among which lq represents 血e sum of connections of all node. 

Many experiments have proved that some real networks possess scale-企ee

network model characteristics. Redner (1998) demonstrated that document 

citations which comply with th巴 power law: 47% ofthe documents were not cited, 

80% of the documents were cited less than 10 times, and only 0.01% of the 

documents exceeded 1000 citations. AIso, the older patents have a greater 

possibility of being cited. LiIjeros et al. (2001) investigated 2810 aduIts between 

18 to 74 years old who had sexual relationships in 1996. They discovered that the 

number of sexual partners also showed a power-Iaw with distribution slope of 1.6 
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士0.3. Albert et al. (1 999) studied the Intemet, disc'Overing within the netw'Ork that 

a c 'Onnecti'On between any tw'O d 'Ocuments 'On average w 'Ould n 'Ot exceed 19. N 'O 

matter the c 'Onnecti 'Ons between Web pages 'Or the degree 'Of c 'Onnecti 'Ons between 

the pages, they all appear t 'O 'Obey the p 'Ower law. 

Based 'On the a幼b'O肝ve吭， w巴 c'Onclude t吭ha剖t the Wa削t吐ts.δ仕oga仗tz m 'Odel d 'Oes n 'Ot 

c 'Ount f'Or t吭h巴 proper characteristics 'Of a gr'Owing netw'Ork. Besides, within the 

netw'Ork it als 'O d 'Oes n 'Ot have many c'Onnected netw'Ork n 'Odes. T'O every n 'Ode, 

出eir c 'Onnecti'On numbers are ab 'Out equal. Theref'Ore the Watts-Str'Ogatz netw'Ork 

m 'Odel sh'Ould be c 'Onsidered an “egalitarian" small-w'Orld netw'Ork m 'Odel, 
depending 'On several st'Ochastically c 'Onnected n 'Odes which effectively sh'Orten the 

dist耳nce between tw'O n 'Odes within the netw'Ork. C 'Ompared with the 

Wa偽-S仕'Ogatz m'Odel，也e scale-free netw'Ork m 'Odel acc'Ounts f'Or netw'Ork gr'Owth 

and preferential attachment characteristics, resulting in a small number 'Of netw'Ork 

n 'Odes having the maj 'Ority 'Of the c 'Onnecti 'Ons. Because 'Of the existence 'Of 

distributed p 'Oints, we can always find a sh'Orter distance between any tw'O p 'Oints 

in the netw'Ork. Theref'Ore, we can classify 甘le scale-free netw'Ork m 'Odel as an 

“arist'Ocratic" small-w'Orld netw'Ork. 

3.2 Social Networks 

Gran'Ovetter (1973) presented the “The Strength 'Of Weak Ties" the 'Ory. He 

believed that between every indivi伽弱， there exists a c 'Onnecti 'On. He had 

c 'Onnecti'Ons classified as 'One 'Of tw'O types: either strong ties 'Or weak ties. Strong 

ties generally mean the ties within a gr'Oup: e.g., relati 'Onships am'Ong relatives and 

family, am'Ong c 'Olleagues, and am'Ong task assignments. Such relati 'Onships f'Orm 

am'Ong individuals wh'O kn'Ow each 'Other and have strong em'Oti'Onal attachments, 

and theref'Ore interacti 'On within the gr'Oup is plentiful and rapid, and inf'Ormati 'On 

exchange is highly redundant. Based 'On these reas 'Ons, if we rem'Ove 'One link fr 'Om 

a gr'Oup with str'Ong ties, we will n 'Ot impede interacti'Ons within the gr'Oup. 

Weak ties, 'On the 'Other hand, address relati 'Onships between gr'Oups. This is 

a 企equently 'Observed relati 'Onship with l 'Ow em'Oti 'Onal inv 'Olvement, and there is 

n 'O particular c 'Onflict 'Of interest. One example might be casual greetings between 

strangers 'Or unfamiliar neighb 'Ors wh 'O n 'Od heads at 'One an'Other in 
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acknowledgment. This type of connection has a profound effect on inter-group 

information exchange, although it usually is not an important means of 

communication. However, when this communication is disconnected, it can only 

result in the entire network breaking up. Therefore, we can conclude that weak 

ties sustain the integrity of the ne訊lork and play a crucial role. 

In many real-life case studies, it has been verified that weak ties play a 

crucial role in a real-life network world. Levin (2004) proved that knowledge 

transmitted 也rough weak ties is not redundant. In other words, all knowledge 

through weak ties is necessary. Granovetter (1973) found that, among newly hired 

workers, only 16.7% of workers obtained their jobs through people whom they 

met frequently. However, 55.6% and 27.8% of people found their jobs through 

occasional and scarcely encountered people, respectively. Constant et al. (1996) 

discovered that weak ties through 甘Je Internet provide a useful technology to 

provide solutions to those who are seeking help, regardless of whether they have 

private connections. 

Burt (1992) extended Granovetter's “S臨時th of Weak Ties" concept to 

create the “structural holes" theory. This theory addresses two groups which lack 

connections, thus constituting a “hole" within the network. Burt (1992) believed 

that enterprises favor using the network as a source of information, and 甜empt to 

fill the structural holes between two networks in order to gain resources and 

benefits. In other words, enterprises in 也e process of choosing new business 

partners are apt to capably choose or look for the bridge that can fill the holes 

between themselves and other enterprises, but not to look for other enterprises 

which have similar characteristics. Bart & Geert (2004) proved that, when 

industries are looking for their business partners, they favor enterprises that are a 

bridge between themselves and others. Such a bridge results in an indus甘ial

alliance network which has “small-world" networking characteristics. 

If a business can become a bridge between two enterprises, then this 

enterprise will find a business opportunity between two networks and obtain a 

way to gain more profit than other competitors. Burt (1992) believed that the 

network which gives the richest business opportunities is a network which is 

plentiful in structural ho1es. If an enterprise is capable of generating a 10t of 
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strucωral holes within a network, and then becoming the bridge between the holes, 

the enterprise is able to become enormously profitable. 

4. Research Design 

4.1 Research Methodology 

This research investigates patent deployment and a patent's position in the 

patent networks. The United States is currently the worl益's largest economy, and 

many countries are relatively interdependent with the U.S. economy.τbey 

therefore all prefer to apply for a patent in the U.S. to order to consolidate their 

position in the U.S. market. Therefore, this research manually collected the 

U.S.-approved and published patents of TFT-LCD companies in the U.S. Patent 

O証ice (USPTO) database. Using this as a starting point, it then “searched up" for 

patents that each patent cited and “searched down" for other patents that cited 

each particular patent. In all, this research analyzed 1298 patent cases approved 

between 1931 and 2005. 

This research first aims to observe small-world characteristics of the patent 

networks. Watts and Strogatz (1 998) calculated and emphasized the feature path 

length clustering coefficient and observed whether patent networks had 

small-world networking 仕卸的. From the small-world perspective, it is possible to 

understand the patent citation network, which may have a high clustering property. 

In actuality, only through a few patents can one 甘ansfer different technological 

information between different technology groups. Secondly, this report studies 

patent citation usage distribution pa仕erns through indices of degree centrali旬，

calculating the number of patents which this patent cited, the number of times this 

patent has been cited by others, and the combined number of these citations, in 

order to verify the edges connected by each vertex. According to Barabási & 

Albert (1999), the distribution of citations should be in a power-Iaw relationship: 

a minority of patents have a majority of the connections, and a majority of the 

patents should have a minority ofthe connections 

Barabási & Albert (1 999) pointed out the vertices in a network because of 
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the priority attachment characteristics, the degree of linking of the vertices by 

edges, which should increase with time. Therefore it produces the scenario of the 

“rich getting richer'\In order to investigate this kind of scenario, it has to be 

observed over a passage of time, in order for the changes to be evident. In order to 

examine this type of exhibited b你的ior， this research maps the development and 

progress of the cumulative number of patents being cited, in order to prove that 

patent citations possess a preference. 

Additionally, this research sketch巴s a map of the patent deployment 

network and searches within the network for the patent with higher betweenness 

centrality. Because the betweenness centrality is higher, it represents an increased 

ability to control the direction of the information exchange. We will therefore 

sketch the patent knowledge network flow. Then, we will connect all of the 

patents among the patent knowledge network to calculate 世le proportion of patent 

knowledge flow within 也e patent knowledge network. Finally, we examine, after 

the removal of patents wi甘1 high betweenness cen加li旬" the effects of this on the 

p臨nt citation network, in order to judge the importance and contribution of 

patents with high betweenness centrality on patent information flow. 

4.2 Definition of Terms 

Characteristic Path Length 

百le path length is defined as the minimum lengtb between two nodes 

within a network. The characteristic path length L is defined within a network as 

the mean value of the minimum pa出 length between two nodes, but the minimum 

path addresses the number of intermediate points which connect any two points. 

Clustering C.向伊cient

The simple definition of the clustering coefficient C is as follows: every 

node's neighbor is also the number of neighboring nodes of a particular node's 

neighbors. Neighbors to a particular node are also neighbors to each other. Let us 

say that every node has k edges, every k edge is connected between n nodes, and 

the maximum number of connections equals n(n-l)/2. The clustering coefficient is 

the number of actual existing connections, divided by the maximum possible 
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number of connections. For example: within a network, assume that every node is 

connected with another 10 nodes. In principle, these 10 nodes will have 

10*(1 0-1)/2 = 45 connecting edges. But in reality, on average, for every 3 nodes, 
there are only two connecting edges. This clustering coefficient is therefore 2/3. 

Patent Citation Growth Trend 

This research uses three-dimensional graphics to demonstrate patent 

citation growth. Among them, the Z-axis is the accumulative number of citations 

The X -axis is the year the patent was cited, and the Y-axis is the representative 

code of the patent cited. For example, the representative code of US 1827530 

Patent Registration Number US 1827530 is 1. The representative code of US 

2904995 Patent Registration Number is 2, and so on sequential紗" according to the 

year of the patent. The earliest patent has the highest representative code. Finally, 

we partition the years between 1981 and 2005 into 5-five intervals to observation 

and analyze the change in the number of citations during these periods. 

Betweenness Centrality 

Betweenness centrality is a way of measuring the capability index of a 

particular node within the network to transfer da個 between two information 

groups. Freeman (1 978) pointed out that this index is effective in measuring how 

capable a node point is in controlling information 甘ansfer. If in two network 

groups, there is only one common node, when this node ceases to function or is 

incapable of transmitting information further, there is no way for the two groups 

to have any further information exchange. The entire network becomes like a big 

network hole. In case any node within the network can be connected with other 

nodes within the network, it can be a weak connection within the group. In Figure 

2, Point D is a transmitti月 bridge possessing abundant information as well as 

opportunities to transmit information. 

Measuring the betweenness cen仕ality of a particular node within the network 

can be 由rived using the following formula by Stanley & Katherine (1994) : 

CB的 ) = I, gjk(n,) /gjk (2) 
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In this forrnula，且;k repr，臼ents the geodesic path from node j to node k. 

Equivalently, it is the path 企om j to k that passes through the minimum number of 

nodes. The terrn 郎(nj) is 也e minimum number of nodes from all the nodes to j 

and k that pass through i, of which nj represents a node i within the network. The 

terrn gjk(D) represents any conn的tion between (j,k) that passes t尬。ugh D in 

Figure 2, where g represents the total number of nodes in the network. The 

purpose of the forrnula is 的 calculate the ratio of the minimum number of nodes 

between any two points passing through the node i divided by the total number of 

points. Taking Figure 2 as an example, there are two geodesic paths 企omPoint G 

to Point D, one path through (0, F, E, D) and another path through (0, H, E, D). If 

we would like to calculate the betweenness centrality CB(H) of node point H, 

using the total number of geodesic paths as the denominator, and the minimum 

number of node paths as the num巳rator， the betweenness cen仕ality of the H node 

in the aforementioned example is 112 

Figure 2 

Betweenness Centrality in A Network 
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Here we have the standard fonnula used for non-directional networks: 

2C一 (nJCB(nJ= 一一」一一
"'" [(g-1)(g-2)] 

而is is the standard fonnula used for directional networks: 

CB(nJ 
CB(nJ= 一 -JJ\.'一
"'" [(g-1)(g-2)] 

To evaluate betweenness cen甘al旬" we can use the fo l1owing fonnula: 

C -2芝;1[CB(nV-CB(ni)]
B [(g-1)2(g-2)J 

Degree Centrality 

(3) 

(4) 

(5) 

Degree cen仕ality 扭曲e most commonly used index to measure which 

individuals in a group are the most prima可 c巴ntral figures. To put it more simply, 
the degree cen仕ality 扭曲e numb巴:r of connections possessed by each individual 

node within the network - the larger the network, the greater the number of 

connections. In a society，也e person who has the most prestige usual1y possesses 

the most power. As shown in Figure 3, Node D is the most influential in the 

network group, and thus has the highest degree centrali句

We calculate the degree cen甘ality by using the following fonnula: 

CD(nJ = d(nJ = L: X ÿ = L:X ß (6) 
J J 

(7) 



Chiao Da Management Review Vol. 29 No. 1, 2009 19 

Figure 3 
The “Degree Centrality" of A Network 
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In this formula, the term Xij represents a particular node i that has 

connectivity withj, while Xji represen臼 whether a node j has connectivity with i. 

If 也e network is non-directional, then the connectivity must be mutually 

recognized by both nodes. The term g represents the total number of nodes in a 

network. If Xij equals 1, it means that the nodes i and j in the network are 

mutually related. If Xij equals 0, then they aτe unrelated 

r:1[CD的-CD向，)]

VD m侃 EL[CDMJ-CDhj]
(8) 

The aforementioned formula represents “group degree cen甘ality". This 

formula is used to measure the difference between the degree cen甘ality of the 

highest node point and others. If the degree centrality of the highest node is 

significantly higher than the others, then the group degr的 cen仕ality is higher. 

百lÍs also indicates that the network's connectivity is extremely centralized. 

If the network is non-directional, then its group centrality wil\ be as 

follows: 
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C -z:1[CD(nVECD(ni)] 

D [(注-1)(g-2)]
(9) 

Nieminen (1973) pointed out that degree cen仕a1ity in the network equals 

the tota1 number of connections for an individuaI node. Therefore, we app1y such 

concepts to the patent citation network, making the number of mutual citations 

equal to the number of total connections. A higher citation number represents a 

higher connection number. In small-wor1d networks, the degree of connectivity is 

usually used to depict a particu1ar node point's total number of connections 

(possessed by a particular node point). Therefore, a higher d巴gree centrality also 

represents a higher degree of connectivity. 

Patent Knowle，勾'eMovement

Patent citations are a goodrepresentation ofthe patent knowledge flow. In 

order to identifY all related citation behavior, this research examines all the 

patents that were cited, and pairs them with their citations one-by-one. F or 

instance, using Patent A as the starting point to find the patent that has cited 

Patent A, we arrive at Figure 4's patent B. We then use Patent B as the st訂ting

point to find Patent C, which has cited Patent B. In this way, we can continue 

until there are no more patents left. In case, within the patent knowledge flow, 

there is a certain patent that has a high betweenness cen仕ali吟， we assume that this 

patent has taken advantage of its high betw田nness cen甘'ality to transmit 

knowledge. In Figure 4, the arrows convey the direction of movement. Therefore 

we find that, if among patents, once this citation behavior exists, it indicates that 

two patents are connected, regardless of the direction of血e arrows. 

Figure 4 

The Patent Citation Behavior 

PatentA Citation PatentB Citation Patent C 
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Patent Knowledge Direction Ne，制Jork

Since a high-betweenness centrality patent has a superior ability to convey 

the information, the majority of the patent citation network's knowledge would 

pass through such patents. This research therefore selects patents with high 

betweenness centrality and uses their relationships as the prÎm缸y conduit in the 

patent knowledge flow network. As shown in Figure 5, inverted triangles show 

patents with high betweenness centrality, while circles are ordinary patents. If one 

wants to transmit the knowledge of Patent 4 to Patent 9, we believe that the 

intended network provides the necessary knowledge flow effectively. 

Figure 5 

Patent Knowledge Flow Network 
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5. Information Analysis and Results 

5.1 Watts-Strogatz Network Model 

This research follows definitions of Watts and Strogatz's characteristic 

path-lengths (1 998) and clustering coefficients to ca1culate these parameters, and 

then uses Kogut & Walker's proposed small-world performance index (2001) SW 

=(CActual/ CRandom)/ (LActuaV LRa帥m) , in order to measure its small-world properties. 

When SW>> 1, network links actually forms the small向world network. Lastly, we 
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use these results and compare them with those ofWatts & Strogatz (1998) for the 

power grid network, the movie actors' network, and the C. elegans network, as 

shown in Table 1. 

Table 1 

SW in Different Kinds ofNetworks 

Network Pattem CAc抽al CRandom LAc個all LRandom SW 

Film Actor Network 2925.93 1.22 2396.90 

Power Grid Network 16.00 1.51 10.61 

C. elegans Network 5.60 1.18 4.75 

Patent Citation Network 58.06 0.077 754.02 

Data Source: Ko阱， B (2001); This Research 

Based on the results in Table 1, we find patent citation networks to be 

similar to the movie actors' network, the power grid network, and the C. elegans 

network. Not only do they possess small-world characteristics, they are excellent 

examples of a small-world network. This also indicates that this patent network 

f10w expedites the communication through a short path, which reduces the patent 

knowledge di飢Ision time. 

5.2 Scale-Free Network Model Analysis 

First, this research uses the number of times a patent is cited as the degree 

of connectivity to depict its distribution, as shown in Figure 6. From the following 

graph, patents that are cited show a power-Iaw distribution trend, meaning that the 

number of patents with higher connectivity is much lower than the number of 

patents with lower connectivity. In fact, according to this research study, there is 

only one patent with such a high degree of connectivity, possessing as many as 70 

links. By the same analogy, there aτe 10 or more connected patents that have been 

cited 10 times or more, representing 5.5% oftotal cited patents. Patents cited only 
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once or twice ∞mprise 95 .4% of all patents which were cited. The number of 

patents being cited and their distribution cleaτIy demonstrates th巳 phenomena that 

only a small number of points has many connections, and a large number of 

pointshas only a small number of connections. 

1000 
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Distribution of Patents Cited 
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In Figure 7, we use the number of patents citing other patents as the degree 

connectivity to study its dis仕ibution. According to Figure 7, the distribution of 

patent citation numbers appears to again be in the form of a power-Iaw 

distribution. In this dis仕ibution， patents that cite other patents a lot are 

significantIy fewer than those that cite only a few patents. There is only one patent 

that cited 30 other patents, and only 2.5% of the patents cited more than 10 

patents. 

On the contrary, we observe that the number of patents that cited other 

patents less than 2 times comprised 88 .3% of th巴 overaII patents. Based on such 

observation, we can infer that the TFT-LCD industry's technology is rapidly 

growing. Very few manufacturers who continue to utilize the technology 

incrementaIIy evolved 企om the old technology. Each country's technical exp巳，rts

continue to develop novel methods to produce TFτ~LCD technologies. 
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Figure 7 

Number Distribution of the Degree of Citing other Patents 
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Figure 8 

Total Degree of Connectivity Distribution 
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Finally, this research uses the total number of patents cited by others, and 
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the total number of patents citing other patents，的 the degree of connectivity to 

plot Figure 8. The Figure 8 shows that the degree of connectivity is distributed 

according to the power-Iaw as well. 1t statistically conc1udes that the patent with 

the highest degree of connectivity has 77 connections. 1n the same w旬" '\ve 

calculate that only 4.6% of the total number of paten的 has a degree of 

connectivity greater than or equal to 10. We once again confirm the phenomenon 

that only very few patents have a high number of connections. 

5.3 Patent Citation Growth Trend Analysis 

1n this section, we analyze the growth trend of patent citations. This 

research divides the overall patent citation period into 5 different time periods. 

From the figure, we can find the growth trend in each time period and its 

relationship to growth trends in other periods. Finally, we use the figure to find 

out the profi1e of the patent citation trend over tim巴， as shown in Figure 9. 

1981-1985 

During the period from 1981-1985, the number of patent citations was 

scarce, and only a few earlier patents were cited. 

1986-1990 

During the period from 1986-1990, the number of citations increased from 

10 to 30 among those patents which had already been cited in previous period. 

F or other patents that started to be cited in 1989, since thc;y were newcomers, their 

number of citations is significant1y fewer than that of older patents 

1991-1995 

During the period 企om 1991-1995, it can be very c1ear1y seen that in 1991 , 
the number of citations further increased. This indicates that the impact of those 

patents which were cited previously has started to show. Nevertheless, the number 

of their citations is typically not high. Patents which wer巳 frequent1y cited in 

previous periods continue to be cited, but the average number of citations has 

reached a plateau. 

From 1992-1995, we observe that additional influential patents were 
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generated. Overall, the number of times that patents were cit耳d increases 

significantly as a function of time. Based on this, we can concIude which patents 

possess a higher impact on this particular industrial technology. Those p羽ents

served as 甘le “gatekeeper" for the technological en仕y-threshold. Many new 

patents had to borrow ideas 企om or benchmark themselves to those highly 

inf1uential old patents. 

Figure 9 

The Patent Citation Growth Trend Relationships (1981-2005) 

1996.司2000

From 1996-2000, many patents gradually generated their impact. Both 

older and newer patents were cited by others. It was because the TFT毛CD

industry expanded rapidly during this period that even less popular patents were 

cited occasionaIIy. The fierce industrial competition due to the addition of Taiwan 

and South Korea into th巴 competition had motivated the TFT-LCD technological 



Chiao Da Management Review Vo l. 29 No. 1, 2009 27 

advancement to gradually shape 3 primarγtechnological trends as of 77, 200-260, 

and 380-385. These 3 groups of patents were essential in leading their respective 

areas. 

2001-2005 

During this period of 2001-2005, the citation numbers ofthose key patent 

technologies formed in the previous periods gradually slowed down. Nevertheless, 
those patents with superior technological potentials continued to grow, such as 

Patents 200-260, 380-400. Even during this final time period, we observe the 

growth in citing patents of 400-500, which shows their future growth potential. 

Figure 10 shows the entire evolution profile of mutual patent citations 

during the period of 1985-2005. From the figure, we may identifY the areas of 

those prim訂y patents that were cited extensively. Th巳 primary areas of the cited 

patents are in areas of 70-駒， 220-270, 375-390. In addition, patent citation 

number growth trends are also illus甘ated here. 

Figure 10 

Patent Citation Evolution from 1981-2005 
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By analyzing each time period and its overall evolution, we can conclude 

that the well-cited patents have dominated the formation of the patent citation 

networks. We believe that the reason to have such high preferential attachment in 

the development of the TFT-LCD indus仕y is because many critical technologies 

had been developed and patented to form a technology barrier which must be 

cited by later developed patents. This is the main reason why the key technical 

patents received so many citations. On the contra句" we also observe that many 

patents were scarcely cited. And even after many years, their citation numbers 

never increased. We believe that such patents cannot become critical patents 

which form technology barriers to other developers. 

5 .4 Network Diagram Analysis 

As mentioned previously, this research uses patent mutual citation 

relationships to plot a network diagram. Figure 11 depicts the overall picωre ofa 

patent citations network. It includes patents that have been cited and that have 

cited other patents. We observe that the majority of citations focused on a few key 

patents. This indicates that patent citations or patents being cited are not randomly 

chosen. Every patent receives a different de莎白 of attention. 

Figure 11 

Patent Citation Network 
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5.5 Analysis of Betweenness Centrality 

甘le betweenness centrality indicates that within the network, information 

flow depends upon certain critical nodes. If, within the network, certain nodes 

have a higher betweenness central旬， this implies that this network relies on them 

to facilitate the information flow. From the perspective of the patent citation 

network, patents with high betweennness centrality are positioned at the focal 

point of the technical knowledge flow. Without such a patent in the citation 

network, it will be di伍cult to enable the technical knowledge exchange 

throughout the indust旬" which also prohibits the further technology development. 

Therefore, we are conducting research to b甜.er understand the betweenness 

centrality in the patent citation networks. After careful analysis, we discover the 

patent citation network's overall betweenness cen甘ality to be around 51 %. 

Among them, 102 patents' betweenness centrality is greater than O. Those patents 

with betweennness cen個lity greater than 0 have the capability to influence the 

technical knowledge flow in the patent citation networks. 

There is a huge difference between those patents with the highest and the 

lowest betweenness centralities. These representative 102 patents make up a large 

proportion of all paten的. lt would be difficult to single out which patents actually 

have a greater impact. Therefore, this research accumulates the betweenness 

centralities of 102 patents to form the denominator, and uses each patent's 

betweenness centrality as the numerator. Then, according to Plato 's rule, we add 

all the numerators of the betweenness cen甘alities until they reach 80% of the total 

impact. This requires 24 patents and the results are shown in Table 2. 

From this table, we can identify the structural holes formed by critical 

patents from Taiwan, the U.S. , Japan, and Korea for technology flow within the 

citation networks. Those structure holes also represent weak ties for the 

technology flow. To those earlier patents, the top 24 patents have extended their 

influence by citing them. To those later patents which cited these 24 patents, they 

become the source of the most crucial technical knowledge. 
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After identifYing patents with higher betweenness centrality and removing 

the lower ones, we graph only those nodes with high betweenness centrality and 

name it as the patent knowledge flow networks, as shown in Figure 12 

Table 2 

High Betweenness CentraliWPatent List 

Serial U.S. Patent Coun仕y
Company Betweenness ~. 芷 e

Number Number ofPatent Centrality 1 ear 

5479187 TW Chunghawa Picture Tubes, Ltd 8587.895 1995 

2 5845981 US Philips Electronics North America Corporation 3568.403 1997 

3 4487481 lP Epson Corporation 243 1.633 1984 

4 5142388 lP Futaba Denshi Kogyo K.K 2057.306 1992 

5 4978952 US Collimated Displays Incorporated 1750.378 1990 

6 5128782 US (N/A) 1707.833 1992 

7 6512565 KR Hyundai Display Technology Inc 1592.333 2003 

8 5796382 US International Business Machines Corporation 1513 1998 

9 5227769 US Westinghouse Elec甘ic Corp 1274 1993 

10 5146354 US Compaq Computer Corporation 1225 1992 

11 5135300 lP Mitsùbishi Denki Kabushiki Kaisha 1117.5 1992 

12 5892623 US Philips Electronics North America 1071 1999 

13 6288815 US Philips Electronics North America Corporatiou 1058.402 2001 

14 6313899 TW Chi Mei Electronics Corporation 930.85 2001 

15 4951150 US Foresight, Inc. 768.267 1990 

16 4715687 US Intemational Busine田 Machines Corporation 749.333 1987 

17 5103328 lP Sharp Kabushiki Kaisha 688 1992 

18 5175637 US Raychem Corporation 685.2 1992 

19 5381252 TW Chunghawa Picture Tubes, Ltd 625.6 1995 

20 5146355 US Litton Systems Canada Limited 584.467 1992 

21 5666172 JP Kabushiki Kaisha Toshiba 564.5 1997 

22 5872611 lP Sharp Kabushiki Kaisha 520 1999 

23 5666179 JP Sanyo Electric Co., Ltd. 488 .433 1997 

24 5592193 TW Chunghwa Picture Tubes, Ltd 487 .324 1997 

Data Source: This Research 
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Figure 12 

Patent Knowledge Flow Network 
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In this figure, Patent 6512565 is a Korean patent, Patents 5381252 、

5479187 、 5592193 and 6313899 are Taiwanese patents, and Patents 4487481 、

5135300 、 5142388 、 5666172 、 5666179 、 5872611 are Japanese. 四le rest of the 

patents are American, except for the Japanese Patent No. 5872611. This Japanese 

patent does not connect to the patent knowledge flow network, which the rest of 

patents are a11 connected to. 

This research further analyzes the effectiveness of knowledge flow through 

the patent knowledge flow networks. We discovered that among 1465 paten的 m

the network, which consists of approximately 63.75% of the total, will pass 

through the network 934 times. In other words, among all the patent citations, 
there is 63.75% related to patents with high betweenness centrality. If these highly 

influential patents did not exist in the patent citation network, the patent 

knowledge flow network would be disconnected, resulting in a lot of patent 

knowledge not being able to prevail or to be further developed 



32 Patent Deployment ßased on a Network Perspective 

To further veri秒 the relationship of high betweenness centrality patents 

versus the patent knowledge flow network, this research adds other patents which 

do not have high betweenness centrality, as shown in Figure13. After removing 

direct1y related patents 企om the patent knowledge flow network, only patents 

without high betweenness centrality remain. Only 49.4% of the patents remain 

connected, rendering 50.6% of the patent knowledge unable to propagate. The 

patents with connections that remain wil\ have a broken network and disintegrate 

into 6 sections. As shown in Figure 14, the color of each section represents a 

different network group. We therefore can conclude, when we have removed the 

high betweenness-centrality patents from the network, that will make it di宜icult

for much patent knowledge to further propagate, and also wil\ postpone the 

development of later patents. 

Figure 13 

Patent Citation and Patent Knowledge Flow Relationship 
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Figure 14 

The Network With High Betweenness Centrality Nodes Removed 

6. Conclusion and Implications for Management 

Based on our analytical experiments conducted in the previous section, we 

summarize our research results from the perspectives ofthe small-world networks, 

patent citation growth trends and the degree of b的I\'eenness centrality: 

Small-World Networks 

Patent citation networks have the more distinct small-world network 仕aits

as other modem-day social networks. Even though patents tend to cite each other 

in their own technological category, the patent knowledge flow may still 

propagate via patens with effective geodesic paths. Business executives, therefore, 

must not only pay attention to technology development, but also be aware ofthose 
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patents which offer geodesic paths in the overall patent deployment to search 

future technology development opportunities. 

Scale-Free Networks 

Based on the investigation of up- and down-stream patent citations and the 

total number of patent connections, we concIude that that the dis仕ibution of 

knowledge flow through patent networks foIIows the power-Iaw. Unlike the 

previous normal and Boltzmann distributions, this distribution is unique in having 

a smaII number of nodes with a large number of connectio酌， and a large number 

of nodes with a smaII numb巳，r of connections. Because of such connections, we 

can identifY the most highly cited patents, which have the highest technical 

quality and can make the greatest impact to businesses 企om the least effort. 

Business must aim at developing patents with superior technological impact. 

Randomly fiIing patents has the effect of “sowing lots of seeds in a field to grow 

an army" and buiIding a thick and high waII to protect businesses from IP 

infringements. However, if the patents are not of crucial value, enterprises wiII 

face costs of maintaining the patent rights that are higher than the actual royalties 

from the patent. Even though it is very difficuIt for us to judge the quality of a 

patent when it is being created, we can stiII estimate or judge, from the current 

patent networks, the possible influence of our patent on the patent netwo此，

compare it with the company's prior patent deployment, and find the differences 

made with the ∞mpany's current internal development policy. 

Patent Citation Growth Trends 

Through observation and analysis of the patent citation numbers, we 

discover that some patents are selectiveIy cited instead of being blindly cited. 

When a patent in the patent network is hi的Iy influent凶， then 也is patent has a 

high economic value. We know for sure that such superior patent technology 

would form the basis of industry infrastructure knowledge and also become the 

main source to stimulate further technological development. Business executives 

ought to implement the above principles to achieve goals for building the 

mainstream industrial standards and to develop such patent technologies to 

maximize their profitability. 
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Betweenness Centrality 

Patents with high betweenness-cen個lity in a patent citation network have 

them吋or influence on patent knowledge flow. This type of patent technology can 

form a business knowledge transmission hub. A patent knowledge network, if it 

lacks these paten恕， will fall apart, and the propagation of knowledge will stop. 

This research discovers that 63.75% ofpatent citations are related to patents with 

high betweenness cen甘ality. Without these paten俗， there would be breaks in the 

patent knowledge flow. When we eliminate these high betweenness centrality 

points in the network, only 49.4% of the patents are connected, and in addition 

they are poorly connected. The remaining 50.6% of patents 訂e unrelate是 to other 

patents. In other words, there are 50.6% of patents that are unable to be 

connected. 

7. Research Limitations and Suggestions for Further 
Research 

Our primary research objective in this work is to develop a new method to 

analyze patent performance which is different from previous patent index 

measurement methods. By utilizing the existing network models, our propos巳d

concepts and methods can be used regardless of the size of the sample spac巳.In

analyzing the network operations, we only need to identi砂 the relationship 

between individual nodes, or between individual paths. Regardless of the size or 

number oflinks in the network, or ofthe time sequence in which the nodes appear, 

的 long as the nodes are connected during a certain time interval, its status can be 

calculated to obtain the betweenness centrality and the degree of betweenness 

centrality . 

Despite this research aims to establish a patent network that can be 

quantitative1y analyzed, however, as the number of patent interrelationships can 

be large and complex, this research for ease of calculation only s巴lects some 

nodes 仕om representative Taiwanese patents to assess their upstream and 

downstream connections. In prior research work, there were also constraints 

imposed by the size ofthe sample space. For example, in Yoon and Park (2004), 
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while analyzing high-tech patent growth trends, it was thought to be extremely 

chaIlenging ωanalyze a large sample of patents. Future research may try to 

enlarge the patent search sample space in order to paint a more thorough picture 

of the patent citation 的twork diagram. From our research which uses the patent 

network to discover which patents have greater impact and enable greater 

knowledge flow within the network, these patents can then be used as an example 

to guide further industrial research and development. 
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