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a b s t r a c t

Knowledge cannot be bound, restricted or categorized. Knowledge is precisely an intangible strength that
has a definite economic importance if well utilized and commercialized. Knowledge spillover is an
occurrence, which is imaginable but difficult to have an effective measurement of it. Patents citation is a
developing concept and has gained momentum in recent past. Patents citation contains valuable data
and if analyzed well, may sometimes reveal concealed mysteries of the information flow between
countries, laboratories, companies, and universities. Profuse technical research has been conducted on
this topic by many scientists. Through these experiments, scientists have tried to show that the inno-
vative information hidden in patents crosses every barrier and is taken by the research labs for its further
expansion. Patents citation reveals the diffusion of information and its applicability into many other
technical fields which give birth to a new technology. This paper presents a comprehensive survey of
patents citation analysis covering and promoting the landmark research done in the field of patents
citation, informing readers to consider this important segment of patent document as a field for analysis.
Also, this paper presents an innovative methodology for generating patent citation network with the
help of techniques of Information Retrievals.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Since 1990, theorist and economist have started diverting their
attention towards the technical data. Perhaps theworld understood
the importance of technology and its increasing involvement in
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human life. This was one of the main reasons behind blooming and
constant use of patent data for the research work. Moreover, the
digitalization of patent data increased its value and usability in the
research. Economist, corporate-managers and policy makers were
moved by the realization that technology is a major crucial deter-
minant which is required to be studied properly for national
competitiveness, endogenous growth of macroeconomics and its
acceptability in terms of micro impacts. An important and less
noticed section of a patent document is the reference or citation
segment. Patents citation reflects the relationship between existing
and current patent and previous patents. It is similar to a research
paper reference later on and has emerged as a newer tool to
identify the strong link existing between the technologies. Patents
citation study gained momentum after the heroic effort of National
Bureau of Economic Research (NBER) scientists involvement in
providing the citation information of US patents from 1963 to 2006
(in different volumes). With the improved quality citation infor-
mation, it became easier for researchers to utilize the patents
citation information in identifying the linkage and changing trends
in technologies. Patents application goes through a very rigorous
prior art search, with least possibilities of infringing any other
patent. These patents citation provided by the inventor prove the
originality of inventions. For this reason patents citation informa-
tion is considered as a reliable proxy to measure activities like
technology transfer, technology life cycle, base patents and tech-
nology diffusion [1,2]. Patents with high number of citations are of
higher quality and are considered as a base patent for any tech-
nology, ceteris paribus [3]. Though being a very important aspect,
the research in terms of patents citation has been very limited.
Most of the concrete research in patents citation has been per-
formed only after the availability of NBER data and has gained
momentum after year 2006e2007. Models related with patents
citation relationship are scarce and the earlier research has been
only at aggregate level [4].

Patents citation research has eradicated the traditional method
of simple patents citation count. Poisson regression model or
negative binomial model, deals simply with citation count data.
Being too generic in analysis, it cannot identify the complexity in
relationship between the technologies. Patents citation holds
enough of data to be utilized in research practices. If assessed and
analyzed properly with computational models it can reveal various
aspects of technology growth and consequential developments. It
can provide information like base patents, technology life cycle,
technology convergence, technology mergers with other technol-
ogy, scientific research converting into real time technology, etc.
For all this, we need to first understand, what is a patent citation?

Patents citation is nothing but prior work for any invention.
Citations are of two types e

Citations provided by the applicant are termed as ‘prior art’ and
are known as ‘applicant citation’. Citations which are left over and
are found by the patent examiner of the country patent office
during patent search are known as ‘examiner citation’ [5]. The cited
material has some bearing to the idea(s) being patented and its
claims [6]. Patent holds large amount of valuable datawhich cannot
be perceived by the first look of patent. A vigilant analysis is
required to find out this indirect linkage of information with the
patent. Inventors generally see the claims and inventive part of the
patent with no inquisitions towards the most valuable part of
harness patent-the citation. This un-surfed citation data can be
utilized in number of ways to the value of patents. Not only the
citing patent but also the cited patents have enough relevancies for
performing a proper analysis of the technology growth. Patent ci-
tations count usually has a direct relationship with the market
value of the product [7]. The more citation a patent receives the
more commercial value it holds. Patents citation is also considered
as tool for assessing the commercial value of any patent. However,
they are not the only parameter of assessing the value. Other factors
also play considerable role. Narin et al. [8] also conducted a
research and concluded that more citation a patent receives the
more value it has. But they did not mention any thing about self-
citation. Companies may cite their own patent for increasing
number of citations of their patents.

Patent citations study is a developing concept in use since past
two decades. The literature review of the patents citation theory
reveals the fact that the study has been targeted mostly to under-
stand the various technical dimensions of many popping up tech-
nologies. It depicts the importance which has been established in
the field of research opening various new dimensions and scopes.
Delving the research work of several inventors, one may find
numerous uses of patents citation in various areas of researches.
Majority have been used to understand the technology trajectories
i.e. the road mapping of technologies and knowledge flow. For
instance, Xuan Ting Ye et al. have used patents citation network for
measurement of International knowledge flow [9]. Park Yet al. have
applied patents citation analysis to find the innovation across in-
dustries and other domains for various prospects [10]. Patents are
technical data considered as a main indicator for mapping the
technical progress in real terms. They provide possible explanation
for the birth of technical research problems. Here we have dis-
cussed some significant works of researchers which have been
cited considerably by other authors. Also it fulfills the need for
understanding in brief the pioneer works done in the field of Patent
Citation Network (PCN).
2. Patents, citations & innovations: NBER research

United States, National Bureau of Economic Research1 (NBER)
researchers [11] built a comparable framework which neo theorist
have widely applied in their research models for obtaining desired
results. Kuznets [12] Foster [13] took initiative to introduce the idea
of utilizing patents citation information. Their work was further
carried away by Griliches [14] to identify those intangible valuables
which push forward the economic growth. To achieve the task they
utilized the massive US patent data filed at USPTO into a channel-
ized way. They identified the generality and originality in patents,
identified parameters, validated these parameters for understand-
ing the technological changes along with the subtle economic is-
sues emerged during the research. Their reckoned research is
considered as pioneering in the field of patents citation and has
been quoted by more than hundred researchers in their work
related with patents citation. Their work is a well comprehended
description of US patent database. The aim of their research was to
make it widely available for public research use. It contains data of
patents filed and granted by USPTO during 1963e2006 in various
segments. These indicators show the various changing trends
registered in past 44 years of technology. These patents exhibit a
range of changes the technology has faced across the diverse cat-
egories. The complete dataset which consists of 3 million patents
and their citations, totaling to approximately 16 million is open for
public research use and is freely downloadable from the official
website of NBER.

Their research also discussed some crucial issues which re-
searchers may encounter during the use of these citation data, and
suggested measures to handle them efficiently. Two alternate ap-
proaches have been used in their methodology e

http://www.nber.org/
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(i) Fixed Effect approach which involves scaling of citations and
averaging them for different categories of patents

(ii) Quasi Structural approach which uses econometric estima-
tion to study the multiple effects on citation rates

NBER citation data is a quantum jump and opened new possi-
bilities for researchers to work on innovative studies. Since the data
is limited till year 2006, the use of data in new researches work
after year 2009 can be rarely seen.

3. Patents citation and the japanese research

It will be important here to discuss the citation work imple-
mented by Japanese researchers in this context. Japanese
researcher Jun Suzuki, Schumpeter Tamada, Yusuke Naito,
Kazuyuki Motohashi, and Akira Goto in 2000 [15]conducted
research on Japanese Patent documents for citation relationship
between science and technology. Following NBER research
example, a databasewas created based on patents applications filed
in the Japanese Patent Office (JPO) and was named as “IIP Patent
Database” to improve resources for research infrastructure in Japan.
They developed a patent citation database which consists of cita-
tion from examiner as well as applicants. They extracted citation
from each patent document published by JPO based on information
retrieval technique and using Support Vector Machine (SVM)
model. They compared the citation pattern of their datawith that of
US and Europe patents and found the cumulative nature of in-
novations. They also analyzed the backward as well as forward
citation trend in patents citation tendency and citation relation
among the technologies. However, the trend they tested was for a
period of only 5 years over the period 1995e1999.

Tamada. S et al. [15] compiled a patent database and formed
patents citation network to find out “science linkages” based on
text of published Japanese Patents Gazette. Japanese patents are
similar to Indian patents in aspect that they do not contain the
citation information in the document. In such a case, it became
tough to find the relationship between science and technology.
Japanese researchers constructed a patent database of patents filed
and granted in Japan covering 600 categories totaling to 880,000
patents data having patent references as well as non-patent refer-
ences for each patent. From this data they created a ‘science linkage
index’. This science linkage index gave them astonishing results and
suggested that the process of new development in technology de-
pends on the nature of technology. Because of patents citation
specification not being mandatory to file in Japanese patents, they
created an automated program to tackle this problem and gener-
ated citation for each patents. A programwith very high precession
rate approximately 98% was created, extracting automated citation
for each patent based on the abstract of the relevant patents. They
performed the task on patents filed during 1995e1999 and iden-
tified the science and technology linkage between 600 categories.
This research work inspired us for our present research work since
Indian patent document lack the citation information similar to
Japanese patent documents. We applied techniques of information
retrieval (IR) to generate the citation network for Indian patents
and performed the citation analysis.

Nanba. H et al. [16] created a framework for patent retrieval for
patent search on the basis of techniques of IR. It not only retrieves
related patents but also the published research papers and scien-
tific literature related with the patents. They applied the IR tech-
niques and obtained relevant cited papers for patents in two steps:-

i) Identifying the key terms from patent documents, and
ii) Extracting the bibliographic information from the extracted

keywords.
They conducted several experiments which can be divided into
2 major steps:-

In first step they extracted 42,073 words from the patent
document and extracted citations from them through computa-
tional approaches. In second step they extracted manually 3000
terms from patent documents containing bibliographic informa-
tion. Precision rate of step one was higher than step two and the
recall rate was comparatively lower in the first step. For an efficient
IR model, a higher precision rate with lower recall rate is vital. They
constructed an IR model which extracted citation information for
patents along with the relevant scientific literature based on the
technical key terms present in the patent documents.

In general patent citation analysis can efficiently contribute in
finding new knowledge, and in managing and using the surviving
knowledge wealth. Patent citations study can be categorized into
three major research works on the basis of its applicability with
network science study:-

i) Patents Citation study for assessing Technological Trajectory
i.e. technology diffusion and its further extension for tech-
nology road mapping.

ii) Patents Citation study for measuring the Knowledge flow
iii) Patents Citation for analytical studies

All these application of citation analysis rely on the consensus
among a large number of citing authors regarding the influence of
and relationship between scholars and scholarly works. Three
categories are explained below along with the research done in the
specific areas.

3.1. Patents citation and Technological Trajectory: economic value
of patents

Technological trajectories can be defined as the path by which
innovations in a given field occur. The growth and development of
technological trajectories can be well explained with the help of
interplay between scientific advances, institutional variables and
economic factors [17]. In this section we have clubbed and sum-
marized various research works of patents citation to see how it fits
well in explaining the technology trajectories.

Hu, A. G. Z., & Jaffe, A. B. [18] explains the technology diffusion
from developed countries like USA and Japan to less developed
countries like Korea and Taiwan with the help of patent citations.
They suggested a framework based on patents filed and granted by
USPTO to inventors living in these specific four countries. They
found that knowledge diffusion from Japan and USA, to Taiwan and
Korea has diversified forms which clearly demonstrate the roles of
technology, knowledge degeneration & knowledge diffusion over
time. Korean patents cited more Japanese patents as compared to
US patents, whereas Taiwanese patents have citations equally from
Japan as well as from US patents. Korean patents cites more Japa-
nese patents (almost two times higher) than that of Taiwan patents
citing Japanese patents. Also they found that technologically pat-
ents are cited from their own technical fields rather than any other
technical area. Intra-citation diversity for patents was found to be
very high. Bulat Sanditov in his research applied technical trajec-
tories for explaining the concept of patent values [19]. He proposed
a model based on statistical model of Polya urn and showed that it
fits equally well with the patents citation distribution. He further
argued taking into consideration the technical change theory that
innovation value depends on the change of technical directions and
patents citation leads to the path of dependency concept in the
growth of technology. Innovations well fitted and placed in the
current technical scenario have a higher value and plays a role of
leader in giving new shape to innovative growth. The higher the
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value an innovation has, it becomes a starting point for future
innovative technology which further increases the value of the base
technology. He proposed a model based on statistical model named
Polya urn with linear and non-linear distribution. His model fits
well in the patents citation theory with linear distribution of cita-
tion were in confirmation of his hypothesis and non-linear distri-
bution of citation fits well for the whole range of citation
distribution. Park. Y et al. observed the changing trend of technol-
ogy in industries and observed dynamic behavior in their changing
pattern [20]. They also examined the technical relationship existing
between these industries and their respective position in the
relationship. He utilized patent data of US patents filed in USPTO
and applied patent citation analysis using few algorithms to iden-
tify the relationship. He recognized the major characteristics dif-
ference between the industries focusing on conventional industries
as well as science based industries. He applied patent citation
analysis on taxonomy of industries and investigated the difference
in structural and dynamic form of innovations. For measuring the
stock flow of technical knowledge, operational indices were
defined in his research. With this kind of analysis he was successful
in identifying the sector based characteristics of various industries.
Fontana R. et al. [21] used patents citation network to study the
dynamic change in the field of Ethernet. They first considered the
evolution of local area network (LAN) and then focused on the
important inventions within the area of Ethernet. Thereafter, they
focused on the patent connectivity structure to build the technol-
ogy trajectories of Ethernets.

Lin. Y et al. used the patents citation network analysis to study
the key influential patents of automobile industry and technology
which could be considered as a base for these automobile in-
dustries [22]. He used patents citation data and applied the concept
of network analysis to reveal the backbone technical invention and
technology diffusion which later became part of the new modern
technology of automobile sector. He used Social Path Network
Analysis (SPNA) algorithm to identify the evolution path of tech-
nology through patents citation data. The important technical in-
vention granted as patent, work as a hub in the evolution path and
become the base foundation for further development. They used
figures, graphs, charts and interpretation of each graph to reveal
the technology trajectories segmenting from base patents showing
technical divergence and convergence over the time which became
part of the modern world automobile industry. Erdi. P et al. pre-
sented a methodology to identify patent clustering i.e., technolog-
ical divisions and subdivisions, and forecasts about the progressive
variations and changes in the structure and shape of the clusters
[23]. An indicator, named as citation vector, is created for describing
technical and scientific progress to reveal the fact, that a patent
cited by other patent may have relevancy as well as non-relevancy
from the same technical field. By implementing the clustering
model, they were able to perceive the innovative combination of
technology and convergence, and forecasts initial new technical
clusters. His predictive analytics tool is a strong recommendation
for supporting decision making policy procedures in science and
technology, and can support in gaining recommendations for ac-
tion. Martinelli A et al. [24] investigated the tele-communication
switch industry with the help of patents citation network anal-
ysis. He applied a new theory stimulated by genetics known as
‘genetic approach’. His research has successfully outlined the origin
and evolution of modern knowledge. This genetic approach is
processed by computing the patent's persistence index, i.e., dis-
integrating patent's information by relating the Mendelian Law of
Genetic Inheritance. It pulls the knowledge that more a patent is
related to descending patents, more it moves upcoming technical
growth and therefore its involvement persists in the technology.
Result demonstrate that the technique projected is effective in
decreasing the number of both ‘nodes’ and ‘links’ measured.
Furthermore, their system is indeed fruitful in classifying technical
gaps where previous knowledge is not relevant for current tech-
nological development.

3.2. Measuring the knowledge flow & spillover

Knowledge is something which cannot be bound, restricted or
categorized. Knowledge is precisely that intangible strength that
has a definite economic importance if well utilized and commer-
cialized. Knowledge spillover is an occurrence, which is imaginable
but difficult to have an effective measurement of it. According to
the definition propounded by De Bondt et al. [25], ‘knowledge
spillover’ concept can be considered as a leakage or involuntary
nature or voluntary exchange of technological knowledge spread
across time. Nieuwenhuijsen et al. [26] offered an alternate defini-
tion for knowledge spillover, and labels it as the situation, in which
one entity benefits from R&D of another entity without paying any
fees or compensation. The knowledge spillover is shown with the
help of patents citation network. The network uses critical node,
topological investigation and core network analysis for explana-
tion. The objective is to perceive the transmission of knowledge
growth between the countries, institution and companies. The
objective is achieved by recognizing key players of technology, the
pattern of knowledge transfer and the competence of knowledge
transmission. Bernstein and Nadiri [27] categorize knowledge
spillovers as horizontal knowledge and vertical knowledge. Hori-
zontal spillovers occur between opponents, and vertical spillovers
take place between firms in various industries. There already sub-
sists a wide literature about the significance of knowledge spill-
overs as a feature defining the optimum R&D policies of firms.
Scherer [28]; Duguet et. al. [29]; Kaiser [30] directed a series of
studies integrating patents citation with survey data and R&D and
came to conclude that patent citation analysis can clear the picture
showing the dissemination of knowledge from one source to
another. Literature review of contemporary years shows that pat-
ents citation analysis was deemed to be a study involved with
statistical investigation and quantitative features of technology
innovation. Many researchers used citation data analysis for
measuring the knowledge flow from one domain to another. Hall
et al. [31] explored the statistics from analysis of inventors to prove
the fact that patents citation work as a proxy for knowledge flow
and are correlated with each other.

Tijssen et al. [32] provided empirical facts showing that patents
citation analysis provides systematic linkage of quantitative data
which provides contextual information concerning nation and
technology specific features in national and international frame
showing technology linkages and knowledge flows. Verspagen [33]
evidenced the knowledge flow as showed by patent citations be-
tween various regions of Europe. Alc�acer and Gittelman [34] spec-
ified the implications of using pooled citations may suffer from
biasness significance level. Bacchiocchi et al. [35] showed in his
research, the cross border diffusion of technical knowledge using
patent citations data. Pinheiro et al. used patent citations data of
USPTO to study the patenting activities of Brazilian and American
activities to understand the involvement of Universities in patent-
ing activities. Using patents and patents citation statics he found
that in spite the fact that Brazilian Universities are filing more
patents than American Universities they lack in certain aspects. He
has wisely utilized the patents and patents citation data in his
work. Sampat B. [36] conducted experiments to identify the eco-
nomic value of patents. He used patents citation network analysis
to find out whether University research is converted into patents
and licensed, and if so then what economic value they add to the
society and research practices. He used data of two US research
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Universities to find the same. He found that the University patents
are licensed and the same is affirmed by the number of citations,
University patents were receiving, but it could not provide any
information on the economic value contribution of these patents.
Von Wartburg et al. [37] explicated about utilization of patents
citation data at various levels and worked to measure the progress
of invention. He believed single stage analysis of citation is more
proactive than multi stage application of patents citation data,
which can reveal technology path or lineage and had used indirect
citations and bibliographical coupling. He made use of network
analysis and bibliometric techniques with patents citation data and
developed an algorithm which helps in clustering technical sub-
fields. He further added patent analysis through value adding and
tracking technologies change through multi-stage analysis of pat-
ents citation rather than one step citation.

Lee Yong-Gil et. al. [38] in his experiment worked on patents
citation data to identify the technical importance and contribution
in terms of patents of Korea Institute of Science and Technology.
They filtered out patent data from USPTO granted to KIST and used
zero inflated model to handle excess zero data. They used twomain
characteristics, one geographical characteristic and second inven-
tion related characteristics and found that Korean patents have
more influence from Japan. The Korean inventions have more de-
pendency on Japanese technology than any other country. Criscuolo
et al. [39] evidenced the fact that the patents citation differs across
the borders. He tested the informationwith his research conducted
on US patents and European patents applying various economic
models to find the probability of citations by examiner and in-
ventor. He found that geographical distance play an important role
in patents citation and it reduces the probability of knowledge flow.
Not only geographical distance but also time and cognitive distance
plays important role in citations. His identified parameters of pat-
ents citation were missing from the previous theories on patents
citation. He found great variation in citing patterns of US patents
and Europe patents and further propounded that inventor citation
should be given more weightage than examiner citation because
inventor citation is more close to real citation of the invented work
and therefore the inventor citation should be only considered for
measuring the knowledge flow and knowledge spillover rather
than discovered by the examiner citations. Hung et al. [40] showed
the power law distribution through his patent citation network
study of Radio Frequency Identification. The obtained results sug-
gested that patents citation network can be considered as a small
world in itself where the innovations are closely related to each
other which can be termed as ‘preferential connectivity distribu-
tion’ behavior of patents. The power law distribution suggests that
a few patents have more connecting patents compared to majority
of the other patent connections. Their research identified high
between-ness centrality of patents and found that 81% of the pat-
ents citation bears a relation with the patents having high number
of between-ness centrality. This helped in identifying the key pat-
ents, for managers and maps their patent activity to bring them in
picture with the patent landscape of the technology. Kihoon Sung
et al. [41] concluded from his research that innovative technologies
are the outcome of technology union in industries. They adopted a
refined approach for the measurement, changes and level of tech-
nology convergence using patents citation information. Technology
convergence is a phenomenon where technologies find place with
each other and lead to a new area. They developed an indicator
based on forward and backward citation details of patents and
measured the degree of convergence as an association of a tech-
nology with other and assessed the originality maintained in the
association.

Chen et al. [42] used Pareto principle to identify the difference
between the original patent network and the comprehensive
patents citation network. He illustrated the difference with help of
LED as an example. He applied Freeman vertex between-ness
centrality model and Johnson Clustering for hierarchy to find the
difference between the two patent citation networks. Freeman
vertex between-ness centrality model showed distinct results for
patent with more new links to other patents. These links have a
different kind of clustering compared to the othermodel. Ou Yang. K
et al. [43] research presented a new model known as New
Comprehensive Patent Analysis (NCPA) model. It integrates tech-
nology with management parameters and builds a patent family
dependent on basic technical patents, identifying the key patents
from the patent family, utilizing patents citation information to
collect basic understanding of patented technology, giving new
dimensions for the under developed technologies, and combining
TRIZ method to identify the technology value and its performance.
This model has been tested and now applied in most of the real
time products. Chang. S. B [44] in his research used patents citation
information to establish an effective model for the technology
development. He proposed a framework, using matrix to know the
technology strategy of any firm and its support to the business
objective. If the firms belong to same category in matrix their
technology capabilities is identified to be similar and are more
interdependent in relation. However, if they do not fall in same
category their technology capabilities are highly of different nature
and have less or no interdependency. Xuan Ting Ye et al. [45]
through his tested model showed reuse of scientific and technical
information. Knowledge flow of technology is important for
continuous growth and extension of science and patent data has
facilitated this. The available patent data information crosses the
border, corresponds and interacts with new inventions to give new
strength and dimension to the technology. Thus patent citation
information works as a key carrier of knowledge flow. Ribeiro
L. C. et al. [46] presented a methodology which can show a global
innovation network. They used patent data from USPTO for year
2009 including 167,315 patent information's from the entire field.
They showed the citation linkage between scientific and non-
patent references. The methodology shows how the technologies
cross national boundaries and interact with multinational com-
panies and industries. Their data and graphical features of model
show the flow of technology and insight to evidence taxonomy of
global network of innovations.

Luan C. et al. [47] conducted a study with the help of patents
citation data from Derwent Innovation Index to find out whether
important inventions are more technically diversified. Through his
experimental results, he proved his hypothesis, that significant
inventions have diverse nature in terms of individual inventions.
Focusing on core technology areas could be a great step in creating
significant invention considering the R&D activities. Yoshikane. F.
et al. [48] through his experimental result focused on the patent
classification variation for backward citations. He proposed that a
patent which is a mixture of various technologies deems the status
of an important patent and receives more citations. He clarified the
diversity of classification in backward citation and forward citation
for patents belonging to Japanese patent. He propagated that
backward citation diversity can be utilized for grouping often cited
patents and less cited patents.

3.3. Patents citation for analytical studies

With the influx of better-quality patent data and its easy
accessibility, patents citation analysis has received much attention
and importance in recent years. Simple citation count has become
an obsolete technique and is considered as a weak measure in
evaluating the importance of any innovation. Patents citation
analysis provides a comparative study such as identification of base
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patents and key technologies, investigation of the relationship
between science and technology. Citation analysis has helped not
only a patent analyst's researcher but also to non-patent specialized
person, be it an economist or statistician to understand the hidden
secrets of technology and its exponential growth [49]. A detailed
and intense knowledge about the cited patents provides a better
understanding of patents as well as facilitates and strengthen the
argument in support of analysis results. Patent analysis in-
corporates all the patent data like patent number, application
number, inventor, assignee, country, classification code, title, etc.
[50]. Analysis of patent requires an advance merging of a patent
database with a scientific literature database. Analysis can be
worked on from two different standpoints. Either taking a patent
and finding out the scientific literature it has cited from the sci-
entific literature database or taking a publication and finding out
whether it has been cited in patents or not.

Narin et al. [51] identified certain techniques which can be uti-
lized for study and analysis of bibliometric data of patents. He came
to conclusion that patents citation analysis is one of the most
effective methods for analyzing the data compared to other
methods. He defined patents citation as number of citations a
subsequent patent holds and even shows a linkage between them.
Citation per patent show the value patent holds. Patents citation
creates a link between patents, not surely of same class of same
nature, but which has contributed in forming the basis for the
subsequent technology. The linkage between the patents is same as
citation/reference connectivity between scientific papers. But pat-
ent citations contain more citation of patents as well as few of
research papers.

Park Yoon et al. [52] identified limitations related with patents
citation and proposed his own approach for dealing with citation
analysis. He identified that it is very difficult to understand the
complete relationship between patents because citation links exist
between two patents and the citation analysis only show this link.
He further mentioned that scope analysis is very much restricted
because patent citation takes into consideration citing and cited
patents information only. Also citation analysis considers only
frequency of patent citations and hence have nothing to dowith the
internal relation between patent i.e. linkage relationship on the
basis of technology. This may sometimes produce superfluous re-
sults which could be misleading. It is a time consuming task
because of the exhaustiveness involved into it. Recognizing the
shortcomings of patents citation, he proposed a network based
patents citation analysis as an alternative approach for analyzing
the citation relation of patents. Patents citation has developed
certain indicators over the time for analysis as told by Hirschey &
Richardson [53]. These indicators are related to the intrinsic value of
patents and are used as a tool for the evaluation of patents during
licensing, estimating the market value of the patents during
negotiation of patent infringement. To name a few are central
impact index, citation per patent, current impact index, technical
impact index, technology life cycle and growth, and so on. They also
worked to identify the growing technologies across borders and
find a way to merge with them [54].

Meyer, [55] propagated his view through his experimental re-
sults which explained the direct patent counting related with basic
research. It could be one of the possible gauge scales to measure the
development of basic research in science and its applicability in
industries. Research supporting agencies and their linkage with
industry patented technology was observed on a high note. The
linkage between science related technology convey an idea that the
knowledge flow is directly taking place from academic research
towards industry in form of citation relations which exhibits be-
tween science research papers citation in patents. Michel J. et al.
[56] through his research gave an important message that patents
citation analysis can be performed only with the help of strong
understandings of patent search reports. He showed through his
research that though patents citation has a common objective
behind them, still they vary to a great extent regarding the reports.
This difference in search report may have some effect on the pat-
ents citation analysis. Huang M. H. et al. [57] worked to explore the
use of citation coupling exploration to plot a patents citation map.
They explored the relationship between companies and industries
in Taiwan and ongoing research and development in the technol-
ogies used in the country. They used a multidimensional scaling for
plotting patents citation map, which showed association of various
groups of invention. The result reveals greater similarity in com-
panies of semiconductor domain. A patents citation map was
constructed from cluster analysis and multi-dimensional scaling
results. Map revealed interesting results. It was found from the
map, that companies dealing with peripheral equipment's like
monitor, scanner, printer, image processor were placed near to
midpoint, in the main section of information technology industry.
Semiconductor industries were positioned far from the other
companies. Studying the relationship between the companies from
the citation analysis it was concluded that, semiconductor in-
dustries were more closely connected to other industries. Citations
coupling showed that IT industries can be subdivided into sub
clusters of peripheral hardware's like scanner, image processor, etc.
The citation map showed that semiconductor industries have a
high correlation coefficient which evidences the bonding between
them. The division between IT, electronic and communication in-
dustry is very thin and show their strong linkage and overlapping in
few cases. This shows that there is no division between these in-
dustries and they are totally dependent on each other. Citations
coupling can be a good research tool in exploring the relation be-
tween various sectors and periodical articles. It can also be used to
sketch the patents citation map to visualize the association be-
tween various sectors, industries and companies.

Huang Z. et al. [58] performed test on patent data filed in USPTO
office to study the development of Nanoscale Science and Engi-
neering (NSE). He utilized the patent data filed in USPTO irre-
spective of their origination but related it with NSE. He used
keywords related with Nano Science to identify patents related
with the said technology. The objective was to find the contribution
which was made in the field of NSE by companies, research labo-
ratories, Universities, institutions and individuals. They used visu-
alization techniques along with statistical experimental models
integrating both. They found that though the technology is growing
but with very slow pace. The top technology which has grown
considerable in comparison to NSE was chemical, pharmaceuticals
and semiconductor technology. They took the research data of the
period 1976e2002 and their citations from NBER citation data.
They showed the potential of information based search and visu-
alization technologies to study the transfer of knowledge between
countries, trends of development and incremental changes which
happened across the time. Tijssen et al. [59] research objective was
to find out the Dutch contribution to science and technology. They
used USPTO data to find out patents filed by Dutch inventors or
their involvement as a researcher in foreign patents. His results
provided new experimental indication showing that patents cita-
tion analysis produces measureable data which further provides
information flowing across nations as well as sectoral knowledge
factors in domestic and international arena. Chang et al. [60] pro-
posed amodel for retrieving relevant patents fromUSPTO database.
His model focused on business method technology. Objective of his
research was to identify indicators which can be used to find out
the basic patents of this technology. These indicators will help to
understand the relation of basic patents and the technology diffu-
sion. He applied linear citation relationship for creating indicators
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for finding basic patents. They not only considered direct citations
but also gave weightage to indirect citations. They conducted study
on 10,386 patents granted under the category of business method
from USPTO. 157 patents were identified as base patent under the
category. Through lineal linkage equation a matrix of 157 by 157
was generated. This matrix was used for cluster analysis. This study
found that business method patents are splitting into two spe-
cializations one streaming towards marketing technology and the
other focusing on data security. Meyer M. [61] research work is
related with patents filed in the field of Nano Science. He explored
the citation impact of Nano Science patents. He found in his study
that patent which cites more technology and scientific papers have
a better performance compared to those which cites other patents.
Their citation of scientific literature brings themmore closely to the
definition of originality. Also it was observed that these scientific
literature are further cited by the subsequent patents. These
pioneer patents become base patent for the further technologies
and have more value than other patents. His analysis additionally
determined the incidence and the significance of the bandwagon
effects motivating the expansion of science and technology. Wang
X. et al. [62] provided a view of technology progress through PCN.
Patents citation analysis, social network analysis and visualization
method were used to study the patents relation of fortune 500
countries. They utilized the Derwent Innovation index related with
Patent data of fortune 500 countries. Based on this, information
technology was categorized in different set and their relation was
studied. It was found that the technology is separated with very
minute lines and has no thick divisions between them. He proposed
a method of constructing long patent citations network and also
used co-citation network for the analysis. Technologies in in-
dustries are coming closer and forming new methods of doing
work. Cho T S. et al. [63] conducted experimental research with the
help of patents citation to identify core emerging sectors of Taiwan
during 1997e2008. They utilized USPTO patent database and
filtered out all the patents of Taiwan along with their citation in-
formation. They also wanted to measure the citation which
Taiwanese patents have received during the said duration. They
performed analysis of the main indicators of important holes and
degree of centrality. The linkage between patent classes to identify
the structure of connected systems were measured. They collected
42,650 patents related with Taiwan and 282,714 citations of these
identified patents which included cited as well as citing patents.
The objective behind this experiment was to suggest government,
industries, and research institutions to pick up which technology
for investment can lead to high growth as well as strengthen the
Taiwan technology global competence. Each patent class can be
recognized by its input in the central technology as an outgoing
technology or an incoming technology flow. Network analysis
display the growing and developing technologies of IPC categories.
His study showed that with the help of centrality measure and
holes pointers of PCN analysis of IPC categories, one can identify the
core and upcoming technologies.

Gerken J. et al. [64] used example of automotive industry to
identify the novelty in technology. He used semantic patent anal-
ysis technique, a new model to identify inventions carrying high
level of novelty. Following the conception of patent novelty, the
semantic patent analysis model was altered to match with the
novelty factors. He emphasized that semantic patent analysis can
remove the drawbacks of existing methods for identifying the in-
ventions carrying good level of novelty. Semantic information has
the capability to enrich technology monitoring while decreasing
costs and ambiguity in the identification of inventions of extraor-
dinary novelty. Mahdabi P. et al. [65] in his research checked
whether the idea in the patent application is novel and does not
include patents citation. They proposed a method for query
modeling estimation which utilizes the citation links for a virtual
significance feedback set and constructed a topic dependent cita-
tion graph, starting from the initially retrieved set of feedback
documents and utilizing citation links of feedback documents to
expand the set. Further they have identified the important docu-
ments in the theme reliant citation graph using a citation analysis
measure. Thereafter, citation graph is used for the term dissemi-
nation of the documents in to estimate a query model by identi-
fying the distinguishing terms and their respective weights. They
then use these terms to expand the original query. They investi-
gated the effect of several parameters on the result of the proposed
method to check the efficiency of model. The experimental results
demonstrate that the proposed approach significantly improves the
recall over a state-of-the-art baseline which uses the link structure
of the citation graph.

Erdi et al. [66] presented a model and an algorithm to study the
evolution of a technology. His model made predictions about the
technologies by going through a patents citation data network
analysis. A citation vector is created which work as a predictor, for
each patent. Vectors Coordinate is proportional to the frequency of
their being cited by other patents of same technology. Changes in
this value of citation vector coordinates reflect the changing value
of citation. Showing that a particular technology is gaining more
importance. Thus, they merged vectors analysis with citation
network to predict future technologies. Yoshikane F. [67] focused on
the classification pattern of patent and examined the diversity
involved in the classification and their citation by other patents.
From the citation pattern, it was found that the citing pattern ac-
cording to the classification had been constant throughout i.e., a
class of patent citing only a specific class of patent. They examined
the diversity of citing patents from two different perspective (1)
strength of connection between patents is constant and (2) increase
in number of citations over time for growth in citation fields. From
the results they derived the conclusion that patents citation is not a
fixed pattern and changes with the time.

4. Francis narin contribution from patents citation to
scientific literature

Literature review remains incomplete without mentioning the
contribution of Narin, F. et al. 1997 [51] in the area of patent citation
network. He gave a new concept through which basic science can
be mapped with government and industries. Narin published over
50 articles on the linkage of science, observing citations connec-
tions between elementary research and intellectual property in
various subject areas, such as Agriculture, Eye care Technology,
Biotechnology and Human Genome Mapping. Working together
with researchers from all domains around the globe, Narin devoted
his career to the study of the networks between citations and
patents, and gauging the economic power of countries and com-
panies through their scientific and intellectual property compe-
tences. Narin and his colleagues were competent to corroborate
that basic science supports not only a country's educational and
scientific capability, but also has a straight effect on its economic
affluence through the conversion of science into products and
services.

One of the illustrations given by Narin in his article was used by
Google in its page ranking algorithm. The association between his
own citation influence methodology and the development of
Google page ranking algorithm is something which adds to the
credit of Narin's innovative research. The “citation influence
methodology”, given by Narin in 1970s, shows the citation links
which exist between research journals, citation linkage between
specific journals and special journal publishing papers on any
extraordinary focused technology. This linkage of journal form a
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network among them shows how a technology links itself with
another technology. This methodology was later used as page
ranking algorithm for internet search on Google. Page ranking al-
gorithm of Google is a unique creation which distinguishes it from
other search engines and leads it to top. Patent citation studies
gained momentum after the pioneering work of Narin. Leeuwen
[68] developed a research program to find the relation between
science and technology by performing patent analysis on the same
line of thought applied by Narin.

Lewison [69] evaluated the effect of funding on gastroenterology
research using patent analysis in U.K. Patents citation information
can be used as a proxy tool for measurement of high level knowl-
edge flow on the basis of patent citations. Chakrabarti et al. [70]
tested the interlinking defense related patents and their effect on
civil sector. Chen and Hicks [71] studied the tissue engineering
growth to analyze the relations between industry and academic
research. Verbeek et al. [72] identified the effect of patents citation
on research in the area of Bioinformatics and Information Tech-
nology. Citation pattern model shows the knowledge dispersion.
The development of knowledge in citation network augmented
their study and understanding of knowledge flow and analysis and
interpretation through patent citation.

The page ranking centrality measure was further used by Bruck
et al. [73] to study the chronological development of the USPTO
database. They revealed that by accepting a citation-based recur-
sive ranking technique for patents the advancement of new fields of
technology can be outlined. Specifically, they demonstrated that
the laser/inkjet printer technology emerged from the recombina-
tion of two existing technologies: sequential printing and static
image production. The dynamics of the citations coming from the
different classes illuminates the mechanism of the emergence of
newarenas and give the opportunity tomake forecasts about future
technological development. They developed a PL/SQL program to
compute the PageRank significance of each node using the inno-
vative iterative algorithm.

5. Study of patents citation evolution with network science

The general objective of the patents citation study is to gain a
better understanding of the advancement and organization of
technical relationship between patents, and to examine current
patenting performance so as to gain perception into innovation
policies Finding the way patents are connected is the easiest way to
create an image on a large scale pattern and processes associated
with the collective dynamics of innovation as it evolves. Thus,
patents are used with each other patent through a network of
federation's patent. You can put on a large scale to this dialogue
invention many interesting questions: What is the global organi-
zation of interactions between innovations? Is this a repeatable
pattern? How do they relate to similar types of innovations? Do you
respond to these pattern dependent rules for the history or are
writable by simple models? Network science seeks to measure
from the beginning and describe several relational structures found
between the nodes. Network approach can well be utilized to
answer these questions. In network science structure patent is used
as a node, research publication and other patents as links that can
be cited. Network science is capable to work with situations where
limited relationships are significant and mixed. There are ways to
illuminate the complex relationship between patterns and
arrangement.

Network science has three broad, continuous and permanent
objectives [74]:

(A) to measure the structure of the network and the pattern of
links between nodes of the network.
(B) to understand the development and growth of the network
and its relation to the structure of the network

(C) to recognize how the joint behavior of entities that are
associated in a network, bring variation to the structure.

It highlights the potential importance of heterogeneity and local
relations patterns in determining collective behavior. Network-
based patent citation analysis can provide detailed information
on the innovative process. The analysis performed [74] shows the
likelihood that a patent is cited more number of times when it is
new. It also has a slow long decay process, the power law concept,
suggesting that some patents retain their influence over very long
periods. The continued strength of some older patents indicates
that few common patents have a potential to recover after a long
period of time. This dependency on patent age is an evidence to the
very non-linear nature of innovation. From it we can make out that
innovation can be classified into two kinds;

➢ Incremental innovations which follow a standard patent models
and move ahead on a fixed set of path.

➢ Unpredictable innovations that may be radical in behavior and
may cite any patent contributing in their growth.

Probability that a patent is cited again and again, depends on the
age of the patent and citation extinguishes with age a patent. The
science of networks also reflects that “dormant” patents are being
quoted sometimes after a long gap, perhaps meaning that innova-
tion is not only through the progressive development of progress,
but also by recycling to the technology so far neglected in
innovation.

The analysis of patent citation networks shows that the number
of patent applications has increased rapidly in recent years. Also the
citation pattern have changed. The average citability of a patent
increases rapidly with the number of times it has already cited,
showing the preferred system, or “richer rich” phenomenon. The
concept of network science can be a fruitful way to explore the
connections between different technical areas. A measure of the
“technological distance” network could be used to classify the
patent alternatively and quantitatively, classify patents and to
evaluate the state of the art. The application is a good source to find
patches of patents and patents thickets. Network-based measures
of local structure may be able to distinguish between the average
thickness of patents and patent areas of competing technologies.
This approach helps distinguish between groups of socially valu-
able patents and cross-licenses that are anti-competitive.

Valverde et. al. [75] in his research, showed the importance of
network analysis used by applying the concept of network science.
He took CT commonly known as computer tomography that uses x-
rays for producing pictures of internal organs of human body
opening as a test set. They have been characterized as community
modularity of standard detection procedures, a tentatively
network, which has several limitations. Researching this func-
tionality suggests a good relationship between topological com-
ponents and things defined in patent documents. The occurrence of
correlations is a natural consequence between the patents
specialized in similar functions. It could also reveal the arrange-
ment precise innovation landscape. The new patents can be un-
derstood as comprehensive solutions that discover the
neighborhood of the above creations. This vision provides a
measureable image of the topology of technical backgrounds.

6. Patents citation network

In the previous section, we presented a review on the patents
citation and its several network applications. This part of the paper
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presents an innovative method of creating patents citation network
for a query patent. For generating patents citation, java libraries and
techniques of information retrieval were applied. With these li-
braries we were successful in mapping the cited patents on time
scale. This helped in finding the base/route patent of any patent.
Fig. 1 shows a simple patents citation generation. We started with a
patent ‘A’ and generated its citation through the methodology of
information retrieval and keywords matching. A threshold of 85%
similarity was set. Patents below the threshold limit are dissimilar
in nature and were not recognized as a cited patent. The date of
application determines it as a forward citation or backward cita-
tion. Similarly identified patents (above the threshold in the first
process) are used further in citation graph generation. In the next
step, citation for these identified cited patent of first process are
generated using the similar methodology. Citation for these iden-
tified cited patents of previous step were found through the same
step. This loop process chain of citation generation continues till all
the patents have received citation and the database is exhausted
from search. The patents are arranged on the graph according to
chronology. Fig. 2 shows a citation map of the first query patent i.e.
patent ‘A’ arranged chronologically. The blue dots represent nodes
and the connecting lines represent vertices.

In Fig. 1 above we can see that the patents which hold a simi-
larity beyond 85% on the basis of keywords used in the abstract,
description and claims of patents are traced and a roadmap of
development is created. Patents were filtered from the database on
the basis of International Patent Classification (IPC). This reduce the
search time and optimized the result. Patents belonging to a
particular IPC class were used for finding similarities between
patents. Fig. 2 reflects individual patents citations graph of a
particular patent with all the identified patents in first step. Each
patent inline identify their own citation with the method of infor-
mation retrieval used for finding citations for the main patent.

For creating the network graphs shown in figures Java Universal
Network Graph Framework (JUNG) version 2.0.1 was applied. It is
an open source library which provides language for the analysis,
modeling, and representation of data as a network graph. It is
developed on java platform, which enhance its performance with
built in capacity of Java API and other libraries. It provides a method
for graph annotations and relation with other entities and meta-
data. These feature helps in analysis of complex data. It is widely
used in implementing number of algorithm for graph theory, social
Fig. 1. Identified patent similar in nature found through similarity in key
network analysis, data mining through visual representation,
clustering, measuring centrality, network distance between nodes
etc. Using its filtering mechanism, unwanted data can be removed
from the graph and analysis can be performed on the core data. A
combined network graph is created in Fig. 3 showing the patents
citation network for a particular query patent. All the individual
roadmaps are merged together in relevancy with the timeline to
bring forward a combined network citation map. The extent to
which a patent cites another patent is a measure of similarity be-
tween the citing and cited patent. It provides a linkage between
patents on the basis of reference similarity.
7. Discussion

Patents citation study evolved since 1980 and the literature
available for researchwork of Narin and Noma can be considered as
pioneering work. With the availability of patent citation data the
study gained momentum and now there is huge number of pub-
lished articles and research papers available on this subject. We can
divide this section on patent citation into four phases of growth.
The classification has been done on the basis of usage and the
complexity answered by the researchers.

First Phase: The initial phase of patents citation consisted of
researcher's proposal. These proposed elements highlighted the
concept of patents citation and its usages. Perhaps with the non-
availability of digital patent data much could not be done in this
area.

Second phase: In this phase, researchers focused on the science
and its linkage to the technology with the help of available patent
data. Digitalization and availability of USPTO patent data led the
things gain momentum. Narin et al., introduced linkage between
science and technology through patents citation of scientific
papers.

Third phase: Availability of patent data and NBER citation data
for research purpose, motivated researchers from different fields to
use the data and to identify the various trends followed in inno-
vation and the changing trend of technology. This phase also found
new concepts like measurement of technology spillover, technol-
ogy diffusions, originality and generality in patents. Various pa-
rameters were introduced which formed the basis of further
research in patents citation. This phase used patent references for
apprehending the various relationships and course between
words used in drafting abstract, description and claims of a patent.



Fig. 2. Figure shows identified cited patents for a particular query patent. Each patent inline has identified their own citation and a roadmap for each is created in different
windows.

Fig. 3. Figure shows a combined graph of all the cited patents for any query patent. The graph is a combined roadmap of all the patents identified as cited on the basis of keyword
matching.
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technology and science. This phase also contains research papers
focusing on countries innovation measurement on industrial sec-
tors for thin films, on flow of knowledge geographically, signifying
the prospective use of patents citation for a broad range of appli-
cability in different domains of knowledge.

Fourth phase; this is still in its developmental stage and has
seen more acceptability and adaptability of patent data for various
studies. This stage has switched from simple patents citation count
data to patents citation network analysis using tools like TRIZ, etc.
Patent citation network analysis is used now to study and identify
parameters like base patents, technology life cycle through
citations, etc.
The development of the studies using patent citations delivers

significant background for our methodological proposal. We may
not only realize importance of these statistics, but also their limi-
tations and basis. Through the process of literature surveywe found
243 research papers published in various reputed international
journals and proceeding of International conferences. Also we
found 23 software patents filed in USPTO which deals in valuing a
patent economically through citation analysis. The graph in Fig. 4
shows variation in publication related with patent citation analysis.

We also identified that 98% of the published research papers



Fig. 4. Research papers related to patent citation published in various International Journals and proceedings of International Conferences.
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related to patents citation and associated topics have utilized
USPTO patent database for their research work. Patents citation
research related to China, Taiwan, and Korea have also used USPTO
patent data. This clearly reflect that the citation information pro-
vided by the USPTO can act as a reliable source for research pur-
poses in this area. Thus we see how patent citation data has been
utilized to understand the knowledge flow of information by re-
searchers and economists.

8. Summary and conclusion of the findings

On the basis of the survey performed we can derive following
conclusions for patent citation:

� Radical patents connect to other patent irrespective of their IPC
class.

� A very small percentage of patent represent technology break
through.

� Citation gap in terms of years is irrelevant in patents. A patent
may be cited even after a gap of 15e20 years.

� Time series analysis plays an important role in patent analysis.
� Patent citation analysis enables in identifying the knowledge
flow between countries as well as between university and
research labs.

� Newer patents have more scientific literature citations.
� A cited patent confirms about its novelty and quality, if cited
numerous times.

� Patent citation is effected by the economic value it holds. The
more the value the more number of times it get cited.

� Patent citation helps to find out the base patents on the basis of
which current technology stands.

� Citation analysis can be performed on the basis of co-citation
analysis, IPC, similar keywords analysis.

� It identifies the patent and publicationwhich plays a vital role in
the growth of technology.
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