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Abstract - The global intellectual property system is 

currently being revolutionized by changes in innovation and 

the quantitative expansion in patenting. There is an 

expectation of applying the results of academic patents 

studies to the reformation of the intellectual property system. 

On the other hand, the rapid quantitative expansion in 

academic knowledge is posing difficulties for the application 

of conventional techniques to extract required knowledge or 

apply a suitable synthesis. This article has the purpose of 

effective implementation of large volumes of knowledge for 

policy formation and examines the methodology for 

specifying academic growth fronts, important research 

domains or comprehension of the academic landscape. We 

specify that research fronts have a profound association with 

issues surrounding reform of the system.   
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I. INTRODUCTION 
 

 The intellectual property system centering on patents 

when viewed globally is undergoing a far-reaching 

revolution. Quantitative problems include the increasing 

difficulty of reducing backlogs and maintaining patent 

quality due to the increase in patent applications including 
applications by non-residents. These developments are 

occurring against a background of the internationalization 

of innovative activities, the acceleration of innovation and 

intensifying competition in strategic areas such as 

sustainable energy technologies or next-generation IT. 

Conspicuous qualitative problems include changes in 

innovation such as increasing science linkage [1], the 

increasingly complicated relationship between products 
and patents and the development of open innovation 

[2][3]. The basis of the patent system is being rocked by 

structural change in the basic assumptions which are 

based on the above premises. There is an increasing 

recognition that the current intellectual property system 

which has formed the basis of current patent law may no 

longer be necessarily capable of promoting innovation. 

 In the context of these developments, a wide-ranging 
Bill bringing historic changes to the US patent laws is 

currently being discussed by the Congress of the United 

States, while in Japan consideration has begun of radical 

modifications to the patent law system. In addition, trends 
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are gathering pace toward cooperation for the formation 

of a PPH (Patent Prosecution Highway) or harmonization 

of the international system through the addition of the 

BRICS nations to the Japan, Korea, United States and 

European axis. For example, at the Asian Intellectual 
Property Conference in Kyoto or the Japan-US-Europe 

Trilateral Patent Office Heads Meeting in 2009, there was 

evidence of a broad recognition of a necessity for 

international cooperation related to the development of an 

examination and search system and the need for 

improvement to the quality and speed of examination in 

addition to reformation of the overall system and its 

operation.  
 Currently there is a strong demand for an acceleration 

of the path towards construction of the next generation 

intellectual property system with the context of 

international cooperation. However, the task of 

formulating balanced systemic proposals for an already 

complicated patent system while at the same time 

effectively promoting the various changes to innovation is 

extremely difficult. Furthermore there are difficulties 
associated with predicting what effect any systemic 

change will have on innovative activities. 

 In recent years, the growing academic research into 

innovation or the intellectual property system holds the 

promise of a large contribution to the task discussed 

above. However, the effective implementation of 

academic knowledge to systemic proposals is premised on 

an understanding of the meta structure of knowledge, the 
academic landscape. More precisely, such an 

understanding of the landscape resides in a synthesis 

enabled by collating the principal academic discussion 

related to the points in issue regarding systemic proposals, 

identifying and separating those issues having a firm 

factual and academic basis within the discussion from 

other opinions, performing a comparative analysis from a 

multifaceted viewpoint and extracting persuasive 
comment supporting that debate. If that process is not 

possible, there is the risk of being influenced by marginal 

opinions or that the required knowledge cannot be 

extracted from the large volume of information.  

 Limitations on the implementation of academic 

knowledge are demonstrated by the annual increase in the 

number of publications in this area and the fact that 

comprehension of the overall landscape using 
conventional methods such specialist conferences or 

outsourced mapping is becoming increasingly difficult. In 

this paper, what is the appropriate way to identify the 
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meta structure of knowledge and to extract useful 

knowledge is our research question. A survey has been 

conducted of academic research in the field of intellectual 

property rights and innovation by employing a citation 
network analysis method based on actual data in order to 

form an overall landscape. Then discussion on that basis 

is conducted regarding the actual possible contribution of 

academia to the reformation of the intellectual property 

system.  

 

 

II. METHODOLOGY 
 

 An analysis of citation information in academic 

papers was initiated by Garfield [4] and currently 

represents a useful tool for extracting important papers or 
hot topics from a large volume of documentary 

information [5]. A paper is used as a node and when a 

citation relationship between papers is formed by tracking 

a linkage between nodes, it is possible to construct a 

citation network. When it is considered that the authors of 

such papers cite another paper in the recognition of some 

relationship to the contents of their own paper, such a 

network can be said to demonstrate a linkage between 
respective content. To give a more precise example, Small 

[6] specified research domains undergoing sharp growth 

in recent years such as research conducted in relation to 

carbon nanotubes or infectious diseases such as SARS by 

using a documentary database to create a mapping or 

segmentation (clustering) using citation information and, 

in particular, by identifying the average age of papers 

associated with large numbers of citations. Shibata et al. 
[7] proposes a method for rapid detection of emergent 

research fronts and papers associated with a high 

possibility of future citation by using a complicated 

network analysis and by modeling citation behavior. 

Kajikawa et al. [8] Hashimoto et al. [9] enable 

visualization of sustainability and innovation research 

fronts by using citation network analysis and natural 

language processing in order to create a landscape of 
related concepts. Shibata et al. [10] identified important 

papers from citation relationships in relation to solar cells 

which are attracting attention around the world. 

This paper uses network analysis as a tool to create a 

landscape of intellectual property rights and innovation 

research which has undergone conspicuous recent 

development. More specifically, papers containing the 

words “patent” or “intellectual property” in the title, 
keywords or abstract were extracted from a database 

(Social Science Citation Index (SSCI) and (Arts & 

Humanities Citation Index (AHCI)). As a result, 9,458 

papers from 1956 to 2008 were extracted having 13,053 

links between the papers. The database collects the data of 

journal papers after 1956. Next, these data were used to 

contract a network using respective papers as nodes and 

citation relationships as links. In this manner, the largest 
documentary group (largest connected component) 

connecting citation relationships was 3,833 papers. Then 

thirdly, clustering was conducted by applying an N cluster 

– n method [11] to those results. This method is a method 

of creating cohesive clustering so that the ratio of links 

contained in the cluster is sufficiently increased in relation 

to the ratio of link between clusters, that is to say, so that 
both the inter-cluster and intra-cluster link density 

contrasts are increased. In this manner, clustering enables 

the identification of documentary groups having dense 

citation relationships, in other words, documentary groups 

recognized by researchers and having profound content 

relationships. Paper title, network and abstract of papers 

having higher frequency of citation were examined as 

materials for clarifying the research domain associations 
of clusters having a higher number of nodes within the 

clustering results. Thereafter, characterizing features were 

determination and a name was assigned. Fourthly, the 

results were recreated visually. A Large Graph Layout 

[12] was used as an algorithm for visualizing the network. 

The method is a graphic method based on spring models 

and assumes an attractive force between node having 

mutual links or, if that is not the case, a repulsive force, 
and applies a coordinate calculation to each node. In other 

words, cluster groups having dense citation relationships 

are in proximity to each other and papers without citation 

relationships are arranged separately.  The relative 

position of cluster groups is visualized by using the same 

color to display of citation relationships associated with 

the same cluster. In this manner, the visual distance can 

be used to comprehend the level of the citation 
relationship between clusters. A calculation of the average 

age of the cluster can be performed from the date of 

publication of papers contained in each cluster. A low 

average age demonstrates that the cluster is a research 

front and that a large number of papers have been 

published in recent years relative to the past. Figure 1 

illustrates the steps in the above analysis. 

 
 

 
 

Fig. 1. Analysis Steps in Citation Network Analysis. 

 

 

Ⅲ. RESULTS 

 
A. Characteristics and Cluster Structure of Intellectual 
Property Domains 

 

 Initially, the documentary journal classification of the 

Web of Science was used to analyze all papers with 
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respect to the associated academic field. Papers were 

present from various fields including law, business,   

information science, economics and engineering and 

although the highest number of papers was from law, it 
can be seen that no academic field was particularly 

prominent. 

TABLE I 

AREAS OF STUDY 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 Next, the results of analysis using an N cluster – n 

method were used to categorize the largest connected 

component with 3,822 papers into 54 clusters. The largest 
connected component includes topics covering central 

issues to systemic reformation such as debate about the 

legal framework for the patent system, the scope or length 

of patent grant, the balance of scope and length, the 

quality and value of patents, and the optimal patent design. 

 3,184 papers are contained in just the top 5 clusters 

having a particularly large number of papers and account 

for 83% of the largest connected component. Thus, it can 
be determined that verification of these five clusters is 

sufficient for identification of a broad landscape related to 

intellectual property fields. 

  

 

 

 

 

 

TABLE 2 

CLUSTER STRUCTURE 

Cluster name # of papersAve. Year Hub papers

C1 Patent Innovation & Econometrics 1120 2001.65 PATENT STATISTICS AS ECONOMIC INDICATORS - A SURVEY

C1-1 Patent as Indicator 315 2002.14 PATENT STATISTICS AS ECONOMIC INDICATORS - A SURVEY

C1-2 Patent value 290 2002.09 A PENNY FOR YOUR QUOTES - PATENT CITATIONS AND THE

VALUE OF INNOVATIONS
C1-3 Science Linkage 246 2000.64 THE INCREASING LINKAGE BETWEEN US TECHNOLOGY AND

PUBLIC SCIENCE
C1-4 Strategy & Technology 117 2000.66 TRADE IN IDEAS - PATENTING AND PRODUCTIVITY IN THE

C1-5 Market value & Patent 48 2001.92 MARKET VALUE, R-AND-D, AND PATENTS

C2 Institution & Legal system 902 1999.80 ON THE COMPLEX ECONOMICS OF PATENT SCOPE

C2-1 IP Law Policy (patent) 344 1999.40 ON THE COMPLEX ECONOMICS OF PATENT SCOPE

C2-2 IP Law Policy (copyright) 287 2001.52 A PROPERTY RIGHT IN SELF-EXPRESSION - EQUALITY AND

INDIVIDUALISM IN THE NATURAL LAW OF INTELLECTUAL

PROPERTY
C2-3 Information Security & IP law 135 2000.48 LEGAL HYBRIDS BETWEEN THE PATENT AND COPYRIGHT

PARADIGMS
C2-4 Pharmaceutical patent 38 1992.97 PLANTS, POVERTY, AND PHARMACEUTICAL PATENTS

C2-5 IP for IT 28 1991.57 CREATING A NEW KIND OF INTELLECTUAL PROPERTY -

APPLYING THE LESSONS OF THE CHIP LAW TO COMPUTER-
C3 Technology Management & Patent 641 1982.50 INNOVATION, IMITATION, AND INTELLECTUAL PROPERTY-

C3-1 IP in Global economics 151 2001.77 INNOVATION, IMITATION, AND INTELLECTUAL PROPERTY-

C3-2 Optimal Patent Design 145 2000.46 OPTIMAL PATENT LENGTH AND BREADTH

C3-3 IP piracy matter 139 2001.02 THE INTERTEMPORAL, CONSEQUENCES OF UNAUTHORIZED

REPRODUCTION OF INTELLECTUAL PROPERTY
C3-4 Patent races 57 2000.54 A MODEL OF GROWTH THROUGH CREATIVE DESTRUCTION

C3-5 Protection & Exploitation 47 1997.21 IMITATION COSTS AND PATENTS - AN EMPIRICAL-STUDY

C4 Academic Activity & Patent 287 2002.61 THE GROWTH OF PATENTING AND LICENSING BY US

UNIVERSITIES: AN ASSESSMENT OF THE EFFECTS OF THE
C4-1 Univ. Technology & Licensing 69 2004.22 THE GROWTH OF PATENTING AND LICENSING BY US

UNIVERSITIES: AN ASSESSMENT OF THE EFFECTS OF THE

BAYH-DOLE ACT OF 1980
C4-2 Life-Science & patent 54 1999.31 UNIVERSITIES AND THE MARKER FOR INTELLECTUAL

PROPERTY IN THE LIFE SCIENCES
C4-3 Effect by R&D of Univ. 34 2003.62 PUTTING PATENTS IN CONTEXT: EXPLORING KNOWLEDGE

TRANSFER FROM MIT
C4-4 Technology Transfer 30 2003.30 TECHNOLOGY TRANSFER AND PUBLIC POLICY: A REVIEW OF

RESEARCH AND THEORY
C4-5 Patents & Commons 22 2005.39 WITHHOLDING RESEARCH RESULTS IN ACADEMIC LIFE

SCIENCE - EVIDENCE FROM A NATIONAL SURVEY OF
C5 Patent Meta-information 234 1982.01 ONLINE PATENT SEARCHING - THE REALITIES

C5-1 IP history & culture 33 1984.64 UNITED-STATES PATENT OFFICE RECORDS AS SOURCES FOR

THE HISTORY OF INVENTION AND TECHNOLOGICAL
C5-2 Patent searching 32 1987.72 ONLINE PATENT SEARCHING - THE REALITIES

C5-3 Leterature(chemical) 31 1979.45 CHEMICAL-ABSTRACTS AS A PATENT REFERENCE TOOL

C5-4 Patent Documentation 27 1968.81 PATENT CITATION INDEXING AND NOTIONS OF NOVELTY

SIMILARITY AND RELEVANCE
C5-5 European Patent 25 1987.92 LEGAL MONOPOLY IN LIBERAL ENGLAND - THE PATENT

CONTROVERSY IN THE MID-19TH CENTURY  
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C1: Patent Innovation & Econometrics 

 The principal journals in the largest cluster are influential journals into systems research such as Research Policy and Scientometrics. In these clusters, there are many 

papers discussing the usefulness of using patent information as an indicator of corporate innovation or as an economic indicator, or papers discussing the economic value of 

patents themselves. These can be said to be a research group constituting a portion of innovation research 1. This cluster is termed “econometric research related to 

innovation”. Nomenclature was assigned based on the contents of principal papers in the same manner for the respective sub-clusters. 

 

C2: Institution & Legal System 

 The principal journals in the second large cluster are the Texas Law Review and Stanford Law Review. The paper groups associated with this cluster include many 

papers discussing recent trends in the law and the legal system or trends in intellectual property law including patent law. Furthermore, the field is also characterized by the 

large volume of the individual papers. This cluster is termed the “legal system research into intellectual property.”  

 

C3: Technology Management & Patents 
 This cluster is related to discuss related to the patent system or patent management in the intellectual property creation cycle for the creation, protection and 

exploitation by companies or universities. The principal journals are Research Policy and RAND J ECON. This field is mainly related to discuss regarding optimization of 

term of rights or the technical scope of patents, the exploitation of licenses and the corporate management of intellectual property. This field also contains papers related to 

open innovation and patents. It is termed “research related to technological management and patents”. 

 

C4: Academic Activities and Patents 
 This cluster includes many papers regarding the relationship of intellectual property and academic activities at universities. The principal journals are Research Policy 

and Scientometrics. The oldest publication date for a paper is 1984 and it can be seen that papers have been published after the enactment of the Bayh-Dole Act (1980). Thus, 

overall it can be seen to be a relatively new field and all of the sub-clusters have an average publication year of approximately 2000. It is termed “academic activities and 

patent activities.” 

 

C5: Patent Meta-Information  
 This field contains many papers discussing electronic libraries of patent publications, patent journal information, online se arch systems and economic indicators 

acquired from patent information using these sources. The principal journals are J CHEM INFORM COMPUT SC or NACHR DOK. Although there was a relatively active 

publication period from 1975 to 1980, this may be due to the fact that changes were made to the system to enable full-text searching after 1976 whereas records prior to 1975 

can only be searched with respect to date, patent number or patent classification. This field is termed “research related to patent journal information.”   

 

                                                        
1 Research conducted by Hashimoto et al. [7] using the same database showed that  one of the sub-clusters of  “Innovation Fundamentals” which is the 

largest research domain in innovation studies  is “intellectual property rights” and contains 701 documents.  

B. Visualization 

 

Figure 2 is a schematic map of the overall clusters. 

The horizontal and vertical dimensions of the figure do 

not have any meaning. Since the table is created using a 

spring model, strongly linked clusters are disposed in  

proximity not only by document unit but also by cluster 

unit.  

  

 
Fig. 2. Academic Landscape Map. 
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As shown by the figures, C1 (Patent Innovation & 

Econometrics) and C3 (Technology Management and 

Patents) are in the center of the citation relationship. On 

the other hand, there is a valley between the academic 
fields of C1 (Patent Innovation & Econometrics) and C3 

(Technology Management and Patents), and C2 

(Institution & Legal System) and C5 (Patent Meta-

Information). C4 (Academic Activities and Patents) is 

positioned slightly separated in the overall arrangement. 

In contrast, C1 (Patent Innovation & Econometrics) and 

C5 (Patent Meta-Information) are adjacent to each other 

and can be viewed as research areas which mutually 
interact. In reality, the patent journal information in C5 is 

essential for C1 research.  

The relationship between the research areas is clear 

from the visualization and a number of valleys are evident 

between the research domains. These valleys demonstrate 

insufficient mutual recognition or exchange. In particular, 

there is a necessity for fusion of legal system research 

centering of research into the legal system and 
econometric approaches or information science.  

 

C. Time Series Analysis 
 

The application of time series analysis enabled 

separation of the sub-clusters into emerging domains, 

domains undergoing rapid growth, domains characterized 

by stable research and domains with stagnation of 

research. A representative research example is shown in 

Table 3. 

The most recent cluster of the 5 principal clusters and 

25 sub-clusters is C4-5: Patents & Commons. The earliest 
publication of a paper classified into this sub-cluster was 

in 1997. The average year of publication in this cluster is 

2005.4. This sub-cluster is a document group in which 

debate is conducted regarding the merits or patenting 

research results at universities. Since the number of 

papers is still small, this cluster is categorized as an 
“emergent cluster.”  In the same manner, C4-1: Univ. 

Technology & Licensing (average year of publication: 

2004.2) is an emergent cluster. 

A representative example of the document group 

undergoing rapid growth in recent years is C4-3: Effect 

by R&D of Univ. In 2002, although there was only one 

paper per annum, by 2007, this had grown to 10 

publications.  Other domains undergoing similar growth 
are C1-1: Patent as Indicator (average year of publication 

2002.1), C1-2: Patent value (average year of publication 

2002.1), C1-5: Market value & Patent (average year of 

publication 2001.9), C3-1: IP in Global Economics 

(average year of publication 2001.8), C4-4: Technology 

Transfer (average year of publication 2003.3). All of these 

sub-clusters have an average year of publication which is 

later than 2000. This fact demonstrates that in these 
domains the amount of academic knowledge in the 7 

years from 2001 is approximately equal to the previous 45 

years. Domains characterized by stable research when 

taking into account trends in time series development on 

an annual basis are C1-3: Science Linkage (average year 

of publication 2000.6) and C2-2: IP Law Policy (average 

year of publication 2001.5). Domains characterized by 

stagnation of research correspond to all the C5 sub-
clusters. The average year of publication is extremely old 

in comparison with other domains and in particular, the 

average year of publication for C5-4: Patent 

Documentation is 1968. 

 

 
Fig. 3 TIME SERIES ANALYSIS 
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Ⅳ. CONCLUSION 

 

 

 From the above analysis, the use of a methodology of 

citation network analysis enables an objective landscape 

of academic research related to intellectual property and 
innovation and identifies areas of possible synthesis. Use 

of such results is submitted to enable acquisition of the 

required level of academic knowledge required for 

examination of the system, to enable identification of 

what research exists for each different approach and 

extracts the important papers. Furthermore, understanding 

the overall pattern enables minimization of the risk of 

influence from specific marginal academic opinion. 
Furthermore, it has been demonstrated that the limitations 

on implementation of knowledge caused by the recent 

“knowledge explosion” can be overcome to some extent. 

     The results of the academic landscape demonstrates 

that in the domain of intellectual property rights, overall 

there are 9,458 papers and that 3,833 important papers 

exist even when examining only the largest connected 

component. Moreover, approximately half of those papers 
were published after 2000 and are therefore considered to 

be research reflecting the recent changes in the innovation 

environment. 

     The content analysis shows that such research includes 

topics covering central issues to systemic reformation 

such as debate about the legal framework for the patent 

system, the scope or length of patent grant, the balance of 

scope and length, the quality and value of patents, optimal 
patent design and the effect of availability of injunctions. 

At the same time, due to the changes in innovation 

activities, it is clear that research activities are being 

actively pursued by academic research regarding points in 

issue in the review of the intellectual property system. 

More specifically, such points include the value of 

patenting, the relationship of patents and commons and 

extent of science and linkage or academic research results 
and globalization. 

 From the above discussion, academic knowledge 

provides critical insights regarding possible areas of high-

level contribution to the investigation of ongoing systemic 

reformation of the intellectual property system. 

Furthermore, the results of the clustering dovetails with 

the domain categorization of papers shown in Table 2 and 

enables useful insights into multi-facetted research team 
formation implied in law, innovation sciences, business, 

technology management, international economics, and 

information science. 

 In the future work, we will incorporate qualitative 

index such as the impact factor.  
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