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Abstract

This study focused on the classifications assigned to patents, and examined the number of different classifications of patents
citing each patent, namely the diversity of citing fields. Specifically, we observed the expected values for growth in the average
number of citing fields according to the increase in the data size (i.e., the cumulative number of citations) when regarding the
observation period as being in a synchronic state and assuming that the strength of potential connections between each subject
patent and citing fields is constant. A total of 347,327 patent applications published in Japan in 1993 were subjected to the
analysis. The results of comparisons between fields showed that, irrespective of the cumulative number of citations, the
transition of the diversity of citing fields is stable with higher values in the fields of “performing operations; transporting,”
“chemistry; metallurgy,” and “textiles; paper” (sections B, C, and D of the International Patent Classification), while it is stable
with lower values in the field of “fixed constructions” (section E). Moreover, as for the field of electricity (section H), it was
found that the growth rate of the diversity of citing fields is markedly slow—in other words, a patent in this field tends to
receive citations repeatedly from the same fields as before and to be hardly ever cited by patents belonging to fields different
from them even when the cumulative number of citations increases.
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1. Introduction

Looking at citations in the analysis of patents is meaningful in the sense that it allows us to understand the
position and importance of a patent as part of “the continuity, lineage, or stream of technology,” rather than its
“patentability” or “economic value.” This is because citations between patents are considered to express, not the
benefits that the cited patents themselves generate in the market, but the technological impact on subsequent
patents directly or indirectly linked with them. Lee (2009) posits different types of patent value: one is direct
economic value, which can be apprehended through patent licensing or income from royalties; and another is
technological value, which can be measured by looking at the number of patent citations. In addition, many studies
treat citations as indications of the relationship, diffusion, origin, and general background in technology and
knowledge (e.g., Meyer, 2000; Jang, Lo, & Chang, 2009; Haruna, Jinji, & Zhang, 2010; Li-Ying et al., 2013).

While there is a large body of research analyzing the overall structure of citation relations for patents or for the
countries to which patents belong—namely the socio-centered network—(e.g., Li et al., 2007), there has been very
little research seeking to clarify the characteristics of fields relating to the diffusion of technology through
observing the citation network surrounding each patent—namely the ego-centered network (Wasserman & Faust,
1994)—individually and tracing its growth. It is considered that the significance of the approach taken in this study,
wherein ego-centered networks are dealt with, lies in that it allows us to map trends in the changes relating to
connections of individual patents, which cannot be captured solely by monitoring the citation network as a whole.
This study clarifies the characteristics of technological fields regarding the quantitative growth of ego-centered
citation networks of individual patents, focusing on the citing classifications, that is, based on the diversity of fields
of patents that cite the subject patents.

2. Data

Information sources in this study were the NTCIR test collections compiled by the National Institute of
Informatics (NII), Japan, and we used the full text of the “patent gazette (publication of unexamined patent
applications)” published in Japan; the 3,496,253 documents published in the ten years between 1993 and 2002
from NTCIR-7 Patent Mining Test Collection (Nanba et al., 2008); and the 1,757,361 documents published in the
five years between 2003 and 2007 from NTCIR-8 Patent Translation Test Collection (Fujii et al., 2010).
Approximately 350,000 documents were published in each of these years. The publication number, the application
number, the publication date, the application date, the classifications assigned according to the International Patent
Classification (IPC), and the publication and application numbers of cited patents were extracted from each patent
record.

Table 1. Basic quantities regarding the subject patents.

P TL CcL N CL ting(N)
A: human necessities 27980 630.88 1.84 24520 2.60
B: performing operations; transporting 82825 592.91 2.05 74271 2.71
C: chemistry; metallurgy 51616 600.73 2.26 74133 3.45
D: textiles; paper 7081 604.60 2.11 7132 3.19
E: fixed constructions 13825 606.19 1.79 7295 2.18
F: mechanical engineering, etc. 34007 589.66 1.78 21274 233
G: physics 120529 596.47 1.72 122666 2.42
H: electricity 107636 588.85 1.74 75739 2.34

A total of 347,327 patent applications published in 1993 were subjected to the analysis. We investigated patents
that cite the subject patents during fifteen years following their publication, that is, from 1993 to 2007, and identify
the classifications assigned to those patents. Table 1 sets out the basic quantities related to the patents published in
1993 belonging to each field. The aggregation of patents for each field has been based on the section level, which
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is the top layer in IPC (WIPO, 2010). P is the number of the subject patents; 7L is the average value for the time
lag between the dates of application and publication; CL is the average value for the number of different
classifications assigned at the subclass level (the fourth layer in IPC); and N is the overall number of citations the
subject patents received from 1993 to 2007. Because it is common to assign multiple classifications to a patent, the
sum of patents (P) under the sections from A to H exceeds the total number of the subject patents, i.e., 347,327.

CL.iing(N) is the number of different classifications at the subclass level assigned to patents that cite the subject
patent and thus represents the diversity of fields in forward citations, that is to say, how many fields citations are
made by. In other words, CL.,,(N) corresponds to the average value of the outdegree per patent (excluding
isolated nodes) in the citation network where the ties are oriented from each subject patent to classifications citing
it. Figure 1 shows examples of the citation networks for patents. These are directed bipartite graphs that take as
their nodes each subject patent and the classifications of the patents citing it. The codes contained within the
diagrams—for instance, A23K—represent classifications at the subclass level of IPC. In the left diagram, patent (a),
for example, is cited by patents belonging to BO1D (separation) or BO2C (crushing). The right diagram shows the
conditions in which some citations have occurred in addition (i.e., the cumulative number of citations has
increased). Regarding patent (a), for example, the degree in the citation network (i.e., the number of different
classifications citing it) grows from 2 to 3 according to the increase in the cumulative number of citations. Here,
not only might the number of citations by the same classifications increase, but also citations by another
classification—that is, A23K (feeding-stuffs)}—have been added. After all, the number of citing classifications for
a patent depends on the cumulative number of citations and thus CL,,(N) is expressed as a function of the
cumulative number of citations.

A23K A23K
patent (a) feeding-stuffs patent (a) feeding-stuffs
BO1D BO1D
patent (b) separation patent (b) separation
B02C B02C
patent (c) crushing patent (c) crushing
F26B
drying

Fig. 1. Bipartite graphs representing the citation network for patents.
3. Methodology

Through tracing citations each of the subject patents receives, we observed the change in the value of CLcjing(n),
that is, the average value per patent of the number of different citing classifications. On the basis of the result of
observation, the characteristics for eight fields (sections of IPC) were examined. As stated in the previous section,
CL_jing(n) corresponds to the average value of the degree in the ego-centered citation networks of individual
patents.

Specifically, we observed the expected values for growth in the average number of citing classifications,
CL_jing(n), according to the increase in the data size (i.e., the cumulative number of citations, n) when regarding the
period from 1993 to 2007 as being in a synchronic state and assuming that the strength of potential connections
between each subject patent and citing classifications is constant. Here, considering “the strength of connections
between the subject patents and citing classifications” to be constant means assuming a probability model in which
“the population probability that a citation of each patent by each classification occurs” does not change.

The methods used for observing the change in the value of an index according to the change in the size of
data—in other words, the data size dependency of an index—are as follows: (1) interpolation and extrapolation
that estimate expected values for the number of occurring events on the basis of a binomial distribution and its
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Poisson approximation (e.g., Good & Toulmin, 1956; Efron & Thisted, 1976), and (2) Monte-Carlo simulation that
calculates average values for an arbitrary index through repeated random sub-sampling (e.g., Tweedie & Baayen,
1998; Baayen, 2001). Although the former allows us to observe changes in the number of occurring events beyond
the range of the original data size, it can be applied only to limited indices and it is difficult to be applied to
complex phenomena such as the growth of networks. On the other hand, the latter is applicable to arbitrary indices
and has been used also for exploring the growth of the degree of nodes in networks (Yoshikane & Kageura, 2004).

In this study, for observing the growth of the citation networks, we carried out Monte-Carlo simulation in which
we performed 1,000 random sub-samplings for each one-twentieth interval of the original data size N (i.e., n =
N/20, 2N/20, 3N/20, ..., N) for each of sections A—H. For each data size n, we calculated the average value of 1,000
trials for CL.iing(n) (i.€., CL¢iting(N/20), CL.iting(2N/20), CLeifing(3N/20), ..., CLiing(N)). Moreover, we plotted the
95% Monte-Carlo confidence interval for CLing(n) at each data size n. The value and growth rate of CL_jng(n)
were compared among sections.

4. Results and discussion

As of 1993, the early publication system, in which, upon request, application documents are published even
before the lapse of one and a half years, had yet to be introduced in Japan. As shown by Table 1, the average value
for the time lag from application to publication, 7L, is somewhat longer than one and a half years. When a patent is
cited, there are not only cases where its publication number is referenced but also those where its application
number is referenced. This study takes into account both types of citations. Figure 2 shows the cited count by year
for the patents published in 1993. It illustrates the transitions of the numbers of citations: citations referencing the
publication number, citations referencing the application number, and all citations in which the two types are
summed up. From the figure, we can first see that, in most citations just after publication, it is not the publication
number but the application number that is being referenced. Because of the publication time lag, the fact that a
patent is being cited in patents published in the same year or the following year basically means that the patent
must be cited by the application number before the publication number is assigned to it. It can be supposed that
many of these are self-citations by applicants (applicant firms) of the cited patents.

The publication time lag is also considered to influence the initial peak of the number of all citations, which is
located in three years after publication (i.e., in 1996). The number of all citations shows weak obsolescence after
this peak, and then, having stopped falling in around 2002, it greatly increases in 2004. In Japan, to list prior art
documents in patent application became obligatory in September 2002 (Sato & Iwayama, 2006). This would
contribute to the increase in the number of citations after 2002. Following this, the number of all citations peaks for
the second time in 2005, after which it begins to decrease again. The total number of citations that the subject
patents have received during the fifteen years subsequent to their publication is 299,271.
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Fig. 2. The number of patents citing the subject patents for each year.

Expected values for growth in the average number of citing classifications, CL.;ng(1), according to the increase
in the scale of data were calculated through Monte-Carlo simulation on the basis of repeated random sub-sampling
for each section. Figure 3 shows the developmental profiles of CL.jing(1). Through this figure, it can be grasped
how citing fields become diverse as the cumulative number of citations increases when the strength of potential
connections between each subject patent and citing classifications is constant.

As for sections B (performing operations; transporting), C (chemistry; metallurgy), and D (textiles; paper),
CL.iting(n) shows transitions that are stable with higher values irrespective of the scale of data. In particular, the
values of CL;ng(n) are remarkably higher in sections C and D, which are chemistry (materials chemistry)-related
fields, than in the other sections. In contrast, CL.;ing(n) in section E (fixed constructions) shows a transition that is
stable with the lowest values. Thus, we can say that, while each patent belonging to the former (i.e., sections B, C,
and D) tends to receive citations from a diverse range of fields, that belonging to the latter (i.e., section E) tends to
receive citations from a limited range of fields. On the other hand, as for the remaining sections (i.e., A, F, G, and
H), the order of their values of CL_e(n) depends on n at which they are compared.

The value of CL_;;,,(n) in section H is very nearly equal to that in section G at the earliest stage where # is small.

As n increases, however, the value in H becomes lower than that in G, and then, the disparity between these two
sections gradually widens. Furthermore, section H is surpassed by A, after by G, at the early stage; and finally, it is
caught up with by F in the value of CL_jug(n). These transitions tell us that the growth rate in section H is markedly
slow. A slow growth rate of CL.jne(n) in synchronic changes means a low possibility that, when an additional
citation occurs for a patent under the condition in which the strength of connections between the patent and citing
classifications is constant, the classification of the additional citing patent is different from the classifications of
previous ones (i.c., a patent receives a citation from another field). That is to say, a patent in section H (electricity)
tends to receive citations repeatedly from the same fields as before and to be hardly ever cited by patents belonging
to fields different from them even when the cumulative number of citations increases.
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Fig. 3. The developmental profile of CL.;u,(n) in each section.

There are a few related studies that have examined the assigned classifications in patent citations for each
section of IPC (Yoshikane, Suzuki, & Tsuji, 2012; Yoshikane, 2013). These studies reported that a patent giving
citations to various fields tends to be cited more frequently, though they did not focus on time-series variation.
According to the results shown in Yoshikane, Suzuki, & Tsuji (2012), the correlation coefficient between the
number of classifications assigned to backward citations and the number of forward citations is comparatively
higher in B (performing operations; transporting), C (chemistry; metallurgy), and D (textiles; paper) than in other
sections. On the other hand, as described above, our results show that a patent of these three sections tends to
receive citations from a diverse range of fields. Considering these results together, we speculate that, because
sections B, C, and D are the fields whose patents receive citations from a wider variety of fields, the tendency that
patents giving citations to various fields (i.e., patents based on a variety of technological bases) attract more
citations is stronger in these sections than in other sections.

5. Conclusions

This study focused on the classifications assigned to patents, and examined the number of different
classifications of patents citing each patent, namely the diversity of citing fields. Specifically, we observed the
expected values for growth in the average number of citing fields according to the increase in the data size (i.e., the
cumulative number of citations) when regarding the observation period as being in a synchronic state and assuming
that the strength of potential connections between each subject patent and citing fields is constant.

The results of comparisons between fields showed that, irrespective of the cumulative number of citations, the
transition of the diversity of citing fields is stable with higher values in the fields of “performing operations;
transporting,” “chemistry; metallurgy,” and “textiles; paper” (sections B, C, and D), while it is stable with lower
values in the field of “fixed constructions” (section E). Moreover, as for the field of electricity (section H), it was
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found that the growth rate of the diversity of citing fields is markedly slow—in other words, a patent in this field
tends to receive citations repeatedly from the same fields as before and to be hardly ever cited by patents belonging
to fields different from them even when the cumulative number of citations increases.

In future research, we would like to examine and clarify changes relating to citation networks of patents and
their classifications, not only from the viewpoint of the synchronic change, but also from that of the diachronic
change, which is observed through the empirical growth of networks according to the increase in the cumulative
number of citations over time.
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