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Abstract
Patent citation data is widely used in the study of technology evolution, but existing 
research has overlooked an issue that there may be potential differences between examiner 
citations and applicant citations, which may introduce biases from examiner citations. Yet, 
there is still a lack of systematic comparative study on the differences between applicant 
citations and examiner citations for technology evolution. To address this, we conducted 
a comprehensive comparison using USPTO patent data across four dimensions: technol-
ogy profiling, technology relevance, technology diversity, and technology evolution path-
ways. For our case study, we selected the promising research area of photovoltaic cells. 
After comparing nine sub-technologies in this area, we have drawn some conclusions: (1) 
Applicants tend to provide more citations than examiners, and examiners tend to cite more 
recent patents than applicants; (2) There is no apparent inclination for applicants to avoid 
citing particularly relevant patents. On average, examiner citations are slightly closer in 
technological proximity to their invention than those cited by applicants; (3) The degree of 
diversity for applicant citations, examiner citations, and applicant & examiner citations at a 
single patent level lacks consistency. However, their average trend by year or by sub-tech-
nology is similar after adding examiner citations; (4) Merging family members strongly 
impacts main pathways through added examiner citations, which is quite contrary in the 
citation network with only USPTO-granted patents without merging patent members; (5) 
In sub-technologies at the growth stage, applicants and examiners both cite more recent 
patents and tend to integrate border technologies from other fields, which can be used as an 
indicator for evaluating the potential to become emerging. The findings remind us to pay 
extra attention to the context in which citation data is used to measure technology evolu-
tion, and can serve as signals for technology assessment as well.
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Introduction

Over the past few decades, patent citation analysis has increasingly become a mainstay for 
measuring technology evolution because of its advantages in quantitatively describing the 
dynamic of knowledge flows and technological advances (Jaffe & Trajtenberg, 2002; Ko 
et al., 2014). From the pure analysis of citing and cited patents to co-citations and biblio-
graphic couplings, patent citations have become a powerful indicator for various objectives 
(Boyack & Klavans, 2010). However, there is much controversy regarding the use of pat-
ent citation data. A crucial element to consider is that, unlike academic paper citations, 
the citations in a patent result from a highly mediated process involving the applicant, the 
patent attorney, and the patent examiner (Meyer, 2000). As a general rule, applicants need 
to declare their inventions to be novel. Yet, very few laws compel applicants to provide 
literature or consult their peers to prove the validity of these declarations (Garfield, 1966). 
Due to a legal requirement to justify the patentability of a patent (Criscuolo & Verspagen, 
2008), examiners must fully retrieve prior art and find the difference for the claimed inven-
tion. This process sometimes results in citations being added to the patents (Tan & Roberts, 
2010). The distinct sources and motives of patent citation data have raised several issues 
regarding whether to use the full citation dataset, especially concerning whether examiner 
citations introduce noise into the analysis.

By analyzing the distribution of examiner and applicant citations in terms of self-cita-
tions, distance, technology overlaps, and vintage, Alcacer and Gittelman (2006) suggest 
that inferences about applicant knowledge derived from pooled citations may be subject to 
biased statistical outcomes or inflated standard errors. Jaffe et al. (1993) argued that exam-
iner citations should be considered “disturbing noise” in the measurement of knowledge 
spillovers, as they typically do not reflect the technical spillovers between applicants. In a 
study of European Patent Office patents, Criscuolo and Verspagen (2008) also suggested 
that applicant citations are better viewed as indicators of knowledge flow, rather than rely-
ing on the total set of citations. These serve as a reminder that it is crucial to distinguish 
between examiner citations and applicant citations.

Previous research comparing examiner citations and applicant citations has yielded some 
interesting findings regarding their significant differences involving geographical and institu-
tional knowledge spillover, value and quality of citations, technical composition, proportion 
of each type, knowledge proximity, etc. By analyzing prior art listed in US patents granted in 
2001–2003, Alcacer et al. (2009) find that examiners provide an average of 63% of the cita-
tions to a patent application, and around 40% do not even include a single citation from an 
applicant. Other studies, however, show that 41% of the citations originate from the examiners 
(Sampat, 2010). In fact, one of the major research problems in the field of patent citations is to 
map the reaches of the sphere from which examiners draw their citations – from which regions 
and disciplines? Over what time periods? etc. Thompsori (2006) reports that applicants prefer 
to cite local patents, while examiners tend to cite patents from more distant places. Similarly, 
patent examiners may be more likely than applicants to cite related technologies in different 
industries. Using the likelihood of renewal as the measure of a patent’s value, Hegde and Sam-
pat (2009) find that examiner citations to a patent are stronger predictors than the applicant. 
Further, Li et al. (2014) analyzed the different motivations behind the citations provided by 
examiners and applicants. By dividing the applicant citations into general citations and self-
citations, they find that examiner citations indicate linkages in science more accurately than 
an applicant’s general citations and more comprehensively than an applicant’s self-citations. 
Yasukawa and Kano (2014) explored the use of examiner citations from the perspective of the 
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applicants’ self-selection decisions with Japanese patent applications, finding that for an appli-
cation, “YES” to each decision point during the patent examination may lead to a significantly 
larger number of examiner citations.

In contrast, other research reports no obvious tendency toward using a specific citation 
type. Applicant citations stem from the science underlying technology, while examiner cita-
tions smooth the distribution of citations across technology classes (Azagra-Caro et al., 2011). 
Research on patents issued by the Spanish Patent and Trademark Office (OEPM) implies that 
indicators should be selected on a context-driven basis rather than by the type of citation to 
determine the real-world implications of any differences between them (Azagra-Caro et al., 
2011). Indeed, patent examiners rarely use applicant-submitted art during their assessment 
process. Rather, they rely almost exclusively on prior art in which they find themselves (Cotro-
pia et al., 2013). Further, Park et al. (2017) compared the technological value of patents pro-
vided by applicants and examiners, and their results indicate that, in most sectors, the quality 
of patents cited by applicants is higher than that of those cited by examiners, but in all sectors, 
examiners tend to cite newer patents.

Despite the valuable contributions of previous research, a key question in these compara-
tive studies remains unanswered: What are the differences between the applicant and examiner 
citations for describing technology evolution? Are changes for knowledge flow made if exam-
iner citations are added to applicant citations in patent citation analysis? As a critical aspect of 
current research on patent citations, a systematic comparative study of the differences in these 
data is essential for advancing our understanding of characterizing technology evolution.

In this paper, we attempt to explore the differences between examiner citations and 
applicant citations for describing technology evolution using a suite of quantitative analysis 
approaches from both macro and micro perspectives. Given that regulations concerning appli-
cant and examiner citations differ across countries, this study primarily focuses on USPTO 
patents, with photovoltaic (PV) cells as the case study. Four dimensions-technology profiling, 
technology relevance, technology diversity, and technology evolution pathways are explored 
for detailed comparison. The first dimension is the basic details of citation information, such 
as the citation distribution and the average citation lag of the patents cited. The second and 
third dimensions are to view the technology integration and knowledge transfer of patent to 
patent from the micro-perspective of technological evolution. The last dimension is to view 
the technological changes in a whole technical field from the macro-perspective of technologi-
cal evolution. This systematic comparison for insights into technology evolution will broaden 
our understanding of these two different types of patent citations.

The reminder of this paper is organized as follows. The “Related work” Section reviews 
prior literature to illustrate the theory of technology relevance, technology diversity, and tech-
nological evolution pathways with patent citations. In the section “Methods and Data”, the 
proposed research framework, the detailed process of measurement, and data collection are 
presented. In the section “Results”, the comparison results and applications are analyzed. 
Finally, the “Conclusions and Discussions” section discusses this research’s findings, contri-
bution, limitations, and future work.

Related work

In general, patent citation indicates a technological relationship between the focal patent 
and its cited prior art. Essentially, patent citations originate from the examination process 
for applying for a patent, in which its relevant prior arts in the corresponding technological 
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field are required to be fully searched and added as citations to legally clarify the patent-
ability and non-obviousness and demarcate the reach of the intellectual property (IP) 
rights and claims conferred by the patent (EPO, 2023a; USPTO, 2023). Both applicants 
and examiners can provide these prior related arts. Their shares and motives vary and thus 
might deliver different performances. Focusing on the technological relevance between the 
focal patent and its cited prior arts, patent citation information is widely used for represent-
ing technological advancement and evolution (Huang et al., 2021). Generally, they can be 
divided into three categories, as shown in Fig. 1. From a macro-perspective of technologi-
cal evolution, patent citation networks in a whole area vividly draw the complex genealo-
gies of technological changes and evolution pathways over a long period. From the micro 
perspective, patent citations reflect the technology diversity of its integrated prior knowl-
edge, as well as the technology relevance between the invention and each citation.

Technology relevance and patent citations

Studies have shown that the relation of a patent with its citations can reveal technological 
knowledge flow from the cited patent to the focal patent. According to patent law, pat-
ent citations should be the invention’s relevant prior art with higher similarity, involving 
technology background, similar invention, knowledge base, improvements on previous 
work, etc. (EPO, 2023b; WIPO, 2016). Based on this, citations are assumed to have high 
technology relevance with its claimed inventions. Under this default knowledge related-
ness between citing and cited patents, it enables masses of investigations on technological 
knowledge diffusion from their technological antecedents to descendants through forward 
and backward citations involving diverse entities like applicants, institutes, countries, etc. 
(Jiang et  al., 2022a; Miguelez & Temgoua, 2020; Rosell & Agrawal, 2009). Also, more 
complex bibliometric indicators like co-citation, coupling, and the relatedness of each 
pair’s forward citation network (Rodriguez et al., 2015) are proposed to evaluate the tech-
nology similarity of two patents. Among these, there is an assumption hidden that all cita-
tions are equal and can appropriately represent the knowledge flow from prior invention to 
the claim. However, besides knowledge flow generated by applicants, citations can also be 
provided by examiners and for other purposes (like ones added by the 3rd party). Whether 
all citations show similar performance is still not clear. Yet, there is a lack of study on 
the difference between the technology relevance of different sources of citations and focal 
patents.

Fig. 1   The macro and micro perspective of technology evolution in view of patent citations
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Technology diversity and patent citations

Like citations in research articles, for applicants, cited references for a patent reveal 
the technology learning and integration when developing a new invention (Ho et  al., 
2014). With the aid of bibliometrics, backward citation analysis is able to capture each 
invention’s technological antecedents (Trajtenberg et al., 1997) and can clearly describe 
the flows and convergence mechanism from diverse knowledge sources (Kim & Lee, 
2017). For its structured advantage, in citation analysis, technology diversity captures 
the knowledge breadth for a body of cited references as reflected by the range of sub-
jects or patent classifications (Miller, 2006). Accordingly, the more dissimilar technical 
classes of citations for an invention involved, the higher integration degree of diverse 
knowledge sources. On the basis of this, researchers have widely used patent citations to 
assess technology diversity, ranging from assessing the integration ability of knowledge 
for research entities (Wang et al., 2022), to representing technology convergence with 
backward-citation information (Kim & Lee, 2017; Ko et al., 2014). Nonetheless, among 
these researches, the difference that examiner citations may bring is ignored.

Technology evolution pathways and patent citations

At a macro level, the forming of a patent citation network reflects the process of knowl-
edge accumulation and technology advancement. By tracing the sources and targets for 
each node in the whole citation network, researchers can detect the process of tech-
nological evolution and predict future directions clearly and easily (Erdi et al., 2013). 
From the essence of technological evolution, technology interactions, and knowledge 
flows always follow certain patterns, but most patterns do not have the scope to push the 
development of a technology forward. Hence, to simplify and analyze the technological 
trajectories and identify core patents in a large and complex citation network, a mathe-
matical tool-main path analysis (MPA) has frequently been introduced as the most effec-
tive tool to explore the structural backbone of a selected technical field (Huang et al., 
2017). Currently, main path analysis is usually conducted on the whole citation network 
to represent the technology trajectory of concerned areas. Few researchers have uncov-
ered the differences between applicant and examiner citations and the possible impact 
that examiner-added citations may generate.

Overall, from the perspective of technological evolution, patent citation analysis has 
become the most attractive method of detecting knowledge flows, technology diversity, 
and tracing technology pathways. However, a key issue has been ignored in most current 
studies when using patent citation analysis, which is quite different from citations in 
research articles: citations in patent documents can be provided by applicants, and can 
also be provided by examiners. For the purpose of patent examination, it is still unclear 
whether the citation data added by examiners will have an impact on the analysis of 
knowledge flows and technology evolution. There is also a lack of systematic com-
parative studies on applicant citations and examiner citations from the perspective of 
technological evolution. To this end, this study starts from the insights into technology 
evolution, comprehensively and systematically compares the differences between appli-
cant and examiner citations with multiple dimensions, and further explores the possible 
impact by examiner-added citations.
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Methods and data

Research framework and method

To explore the differences between patent examiner citations and applicant citations for 
characterizing technology evolution, we developed the research framework shown in 
Fig. 2. First, the USPTO-granted patent dataset with citation data is collected and divided 
into three sub-datasets according to their different citation sources: applicant citations, 
examiner citations, and applicant & examiner citations. Second, basic technology profil-
ing analysis with the number of cited patents, the coverage of citations in focal patents, 
the average cited patent numbers per patent, and the average citation lag are calculated 
and compared. Third, the relevance of technology between focal patents and citations is 
measured by both the relevance category and the IPC4/CPC4-based similarity analysis for 
different citation sources. Fourth, True Diversity (TD) is used to estimate the technology 
diversity for each type of citation. Finally, main path analysis (MPA) is introduced to iden-
tify core patents and technological trajectories for comparison. The measurement details of 
technology relevance, technology diversity, and technology evolution pathways are illus-
trated below.

Technology relevance

In this research, the percentage of each citation category (which is tagged in the search 
report during the examination stage) and their cosine similarity-based IPC4/CPC4 are cal-
culated to measure the technology relevance between cited patents and focal patents.

At the World Intellectual Property Organization (WIPO), it is recommended that docu-
ments referred should be tagged with letters “X” and “Y” to indicate particular relevance, 
and letters “A” “D” “E” “L” “O” “P” “T” to indicate other relevant prior art (WIPO, 2016). 

Fig. 2   The research framework
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At EPO and other offices like JPO, patent documents cited in search reports are assigned 
specific or combinations of the relevant categories of X, Y, P, A, D, etc. (EPO, 2023b). 
Particularly, only in the examination stage of PCT patents for international protection at 
USPTO, cited documents will be categorized as X, Y, A, O, P, T, E, D according to their 
relevance by following guidelines by WIPO (USPTO, 2021). A detailed definition of each 
relevant category is depicted in Table 1. To compare the difference of citation relevance 
with focal patents for applicants and examiners, we calculate the percentage of each cita-
tion category for the whole technical area, that is, the proportion of cited patents marked 
with a certain category to all cited patents marked by applicants or examiners.

It is well known that the patents are allocated one or more IPCs and CPCs according 
to the different areas of technology to which they pertain. We further matched each refer-
ence to its corresponding IPC-4/CPC-4 information. According to Ejermo (2005), tech-
nology classes are widely considered an appropriate analysis unit for measuring techno-
logical proximity. We then calculated the similarity distributions between each patent and 
its cohort applicant-cited patents, examiner-cited patents, and applicant & examiner-cited 
patents in terms of cosine distance.

Technology diversity

Prior studies have used a variety of diversity indicators at the individual paper level. As 
Porter et al. (2008) declared, the citations contained in a single paper arguably reflect some 
degree of knowledge integration by the paper’s author(s) of knowledge drawn from refer-
ences cited. Originally, diversity represented in a paper’s citations was evaluated using an 
integration score of the cognitive distance between the technological classification of the 
journals that were cited, such as the Web of Knowledge subject categories (Porter et al., 
2007) or the Web of Science categories (WCs) (Porter & Rafols, 2009). In this paper for 
patent documents, we have used IPCs instead of WCs to gauge the degree of diversity in 

Table 1   The definition of the relevance category

Rel-
evance 
category

Definition

A Technology background
D Document cited in the application
E Earlier patent document but published on, or after, the filing date
I Particularly relevant if taken alone, prejudicing inventive step (EP, from April 2011)
L Document cited for other reasons
P EP—intermediate document; WO—Published prior to the international filing date but later than 

the priority date claimed
T Theory or principle underlying the invention
X EP—Particularly relevant if taken alone; WO- Document of particular relevance, the claimed 

invention cannot be considered novel or cannot be considered to involve an inventive step
Y EP—Particularly relevant if combined with another document of the same category; WO—

Document of particular relevance, the claimed invention cannot be considered to involve 
an inventive step when the document is combined with one or more such documents, such 
combination being obvious to a person skilled in the art
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the technology fields cited. Rather than applying the relatively common Rao-Stirling diver-
sity (Stirling, 2007), we used the measure called “True Diversity (TD)” because of its supe-
rior discriminatory power (Zhang et al. (2016). The formulation of True Diversity (TD) is:

Here, xi is the number of references to the i-th category, and pi = xi
/

X ; X =

∑

xi . dij is 
the dissimilarity between the categories i and j.dij = 1 − sij , where, sij is the cosine similar-
ity between the categories i and j.

Technology evolution pathways

This research uses main path analysis (MPA) to trace the evolution of technology path-
ways. The main pathways are the paths from the source to the sink with the highest tra-
versal weights (De Nooy et al., 2005). In the pathways, we only considered data from the 
most prominent graph components and disregarded patents that neither cited nor were cited 
by at least one other patent—in other words, “orphan” patents digressing from the main-
stream of the domain. This reduced set of patents was configured into a merged citation 
network and then examined using main path analysis based on bibliographic and/or patent 
citations to identify the most significant and constructive patents over the history of each 
technology.

When conducting main path analysis, three factors should be taken into consideration: 
(1) how to construct the citation network for patents; (2) how to measure the traversal 
weight of each citation link from a set of starting vertices to the end vertex; and (3) how to 
select the highest traversal weights to map out the most representative path. There are two 
main ways to construct a citation network for patents: by relationships of individual patents 
and by relationships of patent families. Their difference is described in Fig. 3. The widely 
used DWPI patent family standards have grouped patents that directly share at least one 
priority and basically the same technical content into a family (Jiang et al., 2022b). There-
fore, taking advantage of patent family information, a citation network with merging pat-
ent family members can better capture the technology evolution structure among different 
technical topics (Huang et al., 2021). For a comprehensive comparison, this paper explores 
the role of applicants and examiner citations by constructing citation networks using both 
two ways.

As for the traversal weight of each citation link, in this paper, we followed Liu et  al. 
(2019)’s recommendations and applied search path link count (SPLC) as the preferred 
choice for traversal weight because it describes knowledge diffusion scenarios in science 
and technology development better than the other traversal weights. Traditionally, the 
chosen algorithms are “local, " meaning they start with a node and then consistently fol-
low the link with the highest traversal count. However, the local main path approach only 
highlights the significance of local progress, but a global main path approach is developed 
instead to estimate the overall importance of each node in knowledge flow globally (Liu 
& Lu, 2012). Based on this, we used the global MPA method to obtain the paths that have 
been the most significant in terms of overall traversal count for all citation networks. It is 
worth noting that forward, backward, and standard in the global-search-based method may 
overlook some links with the highest traversal weight, and we use the global key-route 
MPA method introduced by Liu and Lu (2012) to identify the main pathways for each cita-
tion network (Liu et al., 2013). Following these steps above, main pathways of applicant 

TD =

1
∑

i≠j pipj
�

1 − dij
�



Scientometrics	

citations, examiner citations and applicant & examiner citations are mapped to trace the 
role of applicants and examiners.

Data retrieval and collection

When the applicants and their attorneys submit an invention application to USPTO, they 
are obliged to provide a list of the references they consider to be state-of-the-art in terms 
of their relevance to the patentability of the invention. Further, USPTO patent citations 
added by examiners are clearly delineated with an asterisk on the front page of the issued 
patent, making these data a good choice for our analysis. We collected USPTO-granted 
patent data from Derwent Innovation because this platform brings together comprehensive 
international patent coverage and powerful intellectual property analysis tools.

Photovoltaics is a promising research frontier for future sustainability. It has specific 
advantages as an energy source and has received much attention over several decades 
(Shibata et  al., 2010). However, searching for a domain with an abundance of common 
terminologies, such as ‘Big Data’ or ‘Artificial Intelligence’, can be especially challeng-
ing. Sometimes, finding relevant research on a very technical topic is easier than one that 
involves many broad and familiar concepts (Huang et al., 2015). Hence, the USPTO and 
EPO introduced a system of cooperative patent classifications (CPC), which indexes patents 
that focus on emerging technologies against specific tags in a new Y-class – for example, 
the tag Y02: Climate Change Mitigating Technologies (Leydesdorff et al., 2015). To find 
the photovoltaics patents for our sample, we searched for the term “CPC = (Y02E10/54*)” 
and, given that prior to 2001, applicant citation information was an optional recommenda-
tion (Alcacer et  al., 2009), we searched for patent data between 1 January 2001 and 31 
December 2021, setting the endpoint to one year prior to when we conducted the search 
to account for the time lag between the application and publication. Ultimately, 14,632 
records were retrieved. The number of patents in each of the nine sub-technologies that 
make up photovoltaics is shown in Table 2.

Additionally, we charted the number of granted patents in photovoltaics and its nine sub-
technologies broken down by year, as shown in Fig. 4. There was a steady increase in the 
number of patents from 2009 to a peak in 2015, followed by a remarkable decline in most 
sub-technologies. Differently, patents in Organic PV have been seeing continuous growth after 
2015 due to the urgent need for renewable energy, especially for the promising future of solar 
energy. Also, most of the sub-technologies (except for Organic PV) show an obvious decrease 

Fig. 3   The difference between the two ways to construct a citation network
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in patent activity. This is an explicit signal that photovoltaic technology has entered its matu-
rity stage and may continue to wane unless there are some significant breakthroughs in the 
field. Unlike new & emerging science and technologies (NESTs) that are radically novel, rela-
tively fast-growing, and characterized by a certain degree of coherence (Rotolo et al., 2017), 
mature technologies have a long and sufficiently rich history of citations to make exploring 
citation patterns relatively easy.

Table 2   The search results for nine sub-technologies of photovoltaics

Some patents are tagged in more than a single sub-technology

CPC Code Sub-technologies Abbrev Records

Y02E 10/541 CuInSe2 material PV cells CuInSe2 1122
Y02E 10/542 Dye-sensitized solar cells DSSCs 1222
Y02E 10/543 Solar cells from Group II-VI materials Group II-VI 323
Y02E 10/544 Solar cells from Group III-V materials Group III-V 1290
Y02E 10/545 Microcrystalline silicon PV cells Microcrystalline 182
Y02E 10/546 Polycrystalline silicon PV cells Polycrystalline 465
Y02E 10/547 Monocrystalline silicon PV cells Monocrystalline 2768
Y02E 10/548 Amorphous silicon PV cells Amorphous 1026
Y02E 10/549 Organic PV cells Organic PV 7999

Fig. 4   The number of patents granted in the nine sub-technologies of photovoltaics
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Results

We conducted four separate analyses—technology profiling analysis, technology relevance 
analysis, technology diversity analysis, and technology evolution pathway analysis to com-
pare the citations from patent examiners and applicants. Each is discussed in turn in the 
next subsections.

Technology profiling analysis

Any citation in a patent could have been added by one of three parties: the applicant(s), the 
examiner(s), or a third party. Focusing on the citations added by applicants and examin-
ers in the photovoltaics area, a total of 123,538 patent citations were added by applicants 
across 14,234 focal patents, while examiners added 54,881 patent citations across 14,287 
focal patents. According to the patent law of EPO and USPTO, examiners impact patent 
citations significantly because they can add, retain, or even delete the original applicant’s 
citations (EPO, 2023b; USPTO, 2023). For this, we explored these patterns in more detail 
by examining the distribution of each citation type over nine sub-technologies of photo-
voltaics, as shown in Table 3. From these results, we have found that most patents in pho-
tovoltaics contain citations that were added by either the applicant or the examiner, but 
the applicants added far more citations than the examiners in all sub-technologies (through 
NCP and ACP analysis), indicating that applicants contributed more citations to the total 
citation set. Yet, in most sub-technologies, the examiner citations had slightly wider cover-
age than the applicants’ (through CCFP analysis).

The final step of the analysis involved extracting the publication year of the cited pat-
ents and focal patents. The average citation lag for each group was then calculated, pro-
viding insights into how far back applicants and examiners search prior art. The results 
are presented in Fig. 5. Overall, applicants tend to cite older patents, indicating that they 
search for prior art further back in time. In contrast, examiners tend to cite more recent pat-
ents (refer to Fig. 5(a)). The patterns remain consistent across all nine sub-technologies, as 
shown in Fig. 5(b). Specifically, in sub-technologies in the growth stage, such as Organic 
PV, both applicants and examiners cite more recent patents compared to other sub-technol-
ogies in the maturity stage.

Table 3   The citation distribution 
pattern of nine sub-technologies 
of photovoltaics

NCP: The number of cited patents; CCFP: The coverage of citations 
in focal patents; ACP: The average cited patent numbers per patent

Sub-technology Applicant Examiner

NCP CCFP ACP NCP CCFP ACP

CuInSe2 38,216 87.39% 31.71 7725 93.28% 6.41
DSSCs 18,112 86.15% 13.56 5954 84.21% 4.46
Group II-VI 13,641 89.62% 37.27 2010 90.44% 5.49
Group III-V 53,582 85.28% 37.55 8158 91.24% 5.72
Microcrystalline 6346 89.86% 29.24 1243 93.55% 5.73
Polycrystalline 12,685 88.04% 23.71 3119 91.40% 5.83
Monocrystalline 100,985 88.59% 32.64 17,548 92.05% 5.67
Amorphous 27,886 88.22% 24.7 6026 93.89% 5.34
Organic PV 193,891 90.79% 22.9 43,952 88.44% 5.19
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Technology relevance analysis

Derwent Innovation has categorized citations based on their relevance for patent docu-
ments and search reports, and it could be used to mark the purpose and importance of 
citations. We summarized the citations added by the applicants and examiners in each 
category. Considering that except for PCT patents, USPTO-authorized patenting does 
not require labeling the relevant category of citations, we have also counted the distribu-
tions of each category for their family members.

As shown in Table 4, two important types of citations stand out: documents of par-
ticular relevance that restrict the claims of the applicant (citation categories X and Y); 
and references related to the technology’s background (citation category A). Category 
A, which provides the prior art used in the steps toward an invention up to the current 
state-of-the-art, has a higher percentage of both applicant citations and examiner cita-
tions. Surprisingly, applicants contribute more citations to Categories X and Y. This is 
contrary to the intuition that applicants might deliberately leave out certain citations in 
an attempt to get broader patents. A higher proportion of X citations among the sample 
of applicant citations to examiner citation (26.00% vs. 25.82% or 8.21%) indicates that 
applicants have no obvious inclination to avoid citing patents that “already show essen-
tial features of the invention”. Similarly, the Y category, which also includes patents 
compromising novelty but only in combination with other patents, occurs almost as fre-
quently in the applicant citations.

To compare the relevance of citations with focal patents, we calculated the cosine 
similarity based on IPC4 and CPC4 between citations and focal patents for each appli-
cant and examiner citation. The average results are presented in Table 5. Upon initial 
observation, it appears that patent examiners tend to cite sources more closely related 
to their invention than those cited by applicants, particularly in photovoltaics. How-
ever, there is significant variation in the degree of similarity in nine sub-technologies. 
Additionally, a comparison of applicant citations and citations from both applicants and 
examiners indicates that the average similarity scores increase when examiner citations 
are included.

Fig. 5   The average citation lag in the field of photovoltaics by year and by sub-technology
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Table 4   The corresponding citation count of the relevance category of citations

The percentage of each category by applicants or examiners is calculated by the proportion of cited patents 
marked with the certain category to all cited patents marked by applicants or examiners

Relevance 
Category

USPTO grant Family members

No. of Cited Patents: 
Applicant

No. of Cited Patents: 
Examiner

No. of Cited Patents: 
Applicant

No. of Cited 
Patents: Exam-
iner

A 19
(4.57%)

6784
(60.78%)

4521
(49.77%)

36,717
(51.9%)

D - - 311
(3.42%)

1080
(1.53%)

E - - 84
(0.92%)

733
(1.04%)

I - - 566
(6.23%)

3167
(4.48%)

L - - 0
(0.00%)

62
(0.09%)

P - - 357
(3.93%)

1444
(2.04%)

T - - 7
(0.08%)

43
(0.06%)

X 130
(31.25%)

916
(8.21%)

2362
(26.00%)

18,266
(25.82%)

Y 267
(64.18%)

3469
(31.08%)

2737
(30.13%)

16,425
(23.22%)

Table 5   The average similarity between focal patents and cited patents

Applicant & Examiner means the cited patents are provided by applicants or examiners

Sub-technology IPC4 distributions CPC4 distributions

Applicant Examiner Applicant & 
Examiner

Applicant Examiner Applicant & 
Examiner

CuInSe2 0.529 0.570 0.544 0.437 0.425 0.427
DSSCs 0.776 0.795 0.792 0.708 0.763 0.725
Group II-VI 0.788 0.801 0.803 0.743 0.761 0.745
Group III-V 0.504 0.520 0.520 0.449 0.475 0.453
Microcrystalline 0.668 0.667 0.678 0.637 0.683 0.654
Polycrystalline 0.786 0.822 0.811 0.703 0.773 0.729
Monocrystalline 0.770 0.775 0.784 0.715 0.756 0.728
Amorphous 0.728 0.769 0.749 0.697 0.748 0.708
Organic PV 0.797 0.797 0.811 0.716 0.770 0.736
Total 0.609 0.643 0.627 0.537 0.557 0.541
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Technology diversity analysis

From this insight into the diversity of technology fields cited, we attempted to further 
explore the differences in diversity between the two types of citations, as well as the impact 
of applicant citations on diversity after adding examiner citations. Figure 6 shows the tech-
nological diversity at IPC4 of the patents cited by each focal patent. The horizontal axis 
represents the degree of diversity for applicant citations, while the left and right vertical 
axes represent the degree of diversity for examiner citations and applicant & examiner cita-
tions, respectively, which the color of the nodes can distinguish. Nine sub-technologies 
have all shown that there is no consistency between the degree of diversity for applicant 
citations and examiner citations at the level of individual patents. Furthermore, the diver-
sity for applicant & examiner citations also shows that when examiner citations are added, 
some patent citations increase in diversity while others decrease. This apparent difference 
between diversity for applicant citations, and applicant & examiner citations illustrates the 
large impact of examiner citations. Thus, we can conclude that examiner citations could 
impact the measurement of patent citation diversity in terms of knowledge flows for indi-
vidual patents.

Figure 7 illustrates the variation in diversity between examiner and applicant citations 
over time. Overall, diversity values for both types of citations increased continuously from 
2001 to 2008, followed by a decrease to a relatively stable level after 2009. Although no 

Fig. 6   The IPC4-based technology diversity of different citation sources at individual focal patent level
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obvious cyclic patterns are present, these trends indicate that in the early stages of pho-
tovoltaics, incorporating knowledge from outside the field was more crucial than in later 
stages of development. Additionally, the diversity value for applicant citations is consist-
ently higher than that of examiner citations throughout the period. Although applicants 
contribute more citations to the total pool, the reasons for searching for prior art differ 
between applicants and examiners. Therefore, the combined scores show a higher diversity 
value than the scores for each alone. Additionally, the trend for applicant citations and the 
trend for combined applicant and examiner citations are quite similar. After examining the 
diversity of citations in the technical field for the year, it appears to have little impact on 
the measured trends of technology diversity when examiner citations are added.

Figure  8 illustrates the average degree of diversity per patent by sub-technology. By 
comparing the diversity of applicant citations and examiner citations, it is found that most 
sub-technologies have higher diversity scores for applicant citations than examiner cita-
tions. Although examiner citations generally do not track with applicant citations, they tend 
to select related patents as references with similar characteristics. With the exception of 
Organic PV and Dye-sensitized Solar Cells (DSSCs), which integrate border technologies 

Fig. 7   The technology diversity at IPC-4 of the patents cited by year

Fig. 8   The average degree of technology diversity in cited patents by sub-technology
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into their fields, the other subclasses seem to cite patents in closer technologies. Patent 
citation data has a goldmine of new insights into the development of technologies, as the 
links between citation patterns can be viewed as technology aggregations and spillovers 
(Erdi et al., 2013). To some extent, the stronger the ability of Organic PV and Dye-sensi-
tized Solar Cells (DSSCs) to integrate with other sub-technologies, the more potential they 
have to become emerging photovoltaic technologies. Moreover, results have also shown a 
similar trend of average diversity degree for each sub-technology with adding examiner 
citations; thus, this impact can be ignored when comparing different sub-technologies.

Main path analysis

Patent citation analysis approaches are good at structuring many patents to profile a tech-
nological or industrial landscape or capture knowledge transfers and changes within those 
landscapes (Huang et al., 2021). The network of patents connected through citations pro-
vides a representation of the innovation process (Erdi et  al., 2013). Technology transfer 
patterns and knowledge flow can generally be divided into interior citation and exterior 
citation. This paper primarily focuses on interior citations, which demonstrate the relation-
ships among patents within a specific technology rather than patents in other fields. After 
removing isolated nodes, we utilized social network analysis to compare the structures of 
three patent citation networks: citations by the applicant, citations by the examiner, and 
citations by both the applicant and examiner. Table 6 lists the comparative results of the 
network structures. The network constructed by applicant citations exhibits better connec-
tivity with more nodes and arcs, and a shorter path length compared to the network con-
structed by examiner citations.

As depicted in the “Methods and Data” section, merging patent family members may 
make a difference in the generation of main pathways. Therefore, citation networks with 
and without merging family members are built for the following comparison. On the basis 
of the extracted largest connected sub-network for each citation network, main pathways 
for three types of citation networks are constructed respectively to trace the role of appli-
cant and examiner citations in the photovoltaics field.

Ultimately, our analysis revealed three main pathways without merging family members 
by setting the key-route parameter as default value 1–10, consisting of 18 patents from 

Table 6   The indicators of network analysis of three kinds of photovoltaic patent citation networks

Network structure indicators Applicant
citations

Examiner
citations

Applicant & 
Examiner cita-
tions

Number of nodes 10,144 9970 12,349
Number of arcs 40,926 17,228 56,955
Average degree 4.035 1.728 4.579
Average path length 4.896 4.509 5.998
Modularity 0.765 0.793 0.742
Number of communities 303 448 179
Number of weakly connected components 286 422 165
Number of strongly connected components 9774 9847 11,819
Average clustering coefficient 0.080 0.027 0.082



Scientometrics	

the applicant & examiner citation network, 35 patents for the applicant citation network, 
and 24 patents for the examiner citation network. These networks, shown in Fig. 9, were 
generated by the large network analysis program Pajek (http://​mrvar.​fdv.​uni-​lj.​si/​pajek) and 
mapped in the science of science software ITGInsight (http://​en.​itgin​sight.​com).

We can see large differences between the applicant citation network and the examiner 
citation network, with only 4 nodes (US6198091, US6198092, US6278055, US6352777) 
appearing in both main paths. Nonetheless, by comparing the main pathways of applicant 
citations, and applicant & examiner citations, it is found that there is little impact after add-
ing examiner citations to applicant citations, with only 1 node (US6844025) of main path-
ways in the examiner citation network and 1 new node (US6844025) appearing, the other 
16 nodes are all nodes in main pathways of an applicant citation network. This strongly 
indicates that applicants have a strong incentive to disclose known prior art, which plays a 
vital role in knowledge flow and technological learning in various ways. As for the 2 nodes 
that do not appear in the main pathways of the applicant citation network, further explora-
tion is needed to judge whether they provide valuable clues for tracing the evolution of 
technology.

The patents on the main pathway may be the latent and significant cornerstones of a 
technology and, as such, may possibly play an important role in a technology’s innovation. 
Hence, Table 7 provides some statistical information about each node in the main path-
ways of the applicant & examiner citation networks. In the early stages of a technology, 

Fig. 9   The main pathways in the three types of photovoltaic citation networks (without merging family 
members). The brown nodes represent patents belonging to both main paths of the applicant citation net-
work and examiner citation network; The dark blue nodes and pink nodes indicate these patents are only 
included in the main paths of the applicant citation network and examiner citation network, respectively; 
The light blue nodes represent that only appear in the applicant & examiner citation network

http://mrvar.fdv.uni-lj.si/pajek
http://en.itginsight.com
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patent applications typically receive relatively more citations than the inventions that fol-
low, even though most include less cited patents, which both applicants and examiners usu-
ally cite. For the nodes after US7026041 in the table, they cite a lot of patents, but most 
are added by the applicants, which is the main reason why the cited patents added by the 
examiner no longer appear in the main path of the applicant & examiner network. In addi-
tion, the patents that integrate a large number of related patents or diffuse knowledge to 
many others tend to increase the degree-centrality and show further potential to be tracked 
as important nodes in a technology development path. In terms of the most recent nodes, 
e.g., US8724366, US9054246, US9373736, US9570502, and US9806131, it is hard to tell 
whether they can be treated as critical nodes until more patents enter the field. Either way, 
they stand out as indispensable technological nodes for revealing the current research fron-
tier. Regarding US6844025 (appearing only in the applicant & examiner citation network), 
and US6451415 (appearing in the examiner citation network), we have noticed that they 
both receive higher forward citations, indicating a higher technological value as well.

Our analysis also revealed three main pathways with merging family members by set-
ting key-route parameter as default value 1–10, consisting of 35 patents from the applicant 
& examiner citation network, 32 patents for the applicant citation network, and 33 patents 
for the examiner citation network, as shown in Fig. 10. We can see that no patents appear 
in either the main paths of the applicant citation network or the examiner citation network. 
Six nodes appear in both the applicant & examiner citation network and the applicant 

Table 7   Patents in the main pathways of the applicant & examiner citation networks (without merging fam-
ily members)

A and E indicate that the patents are included in the main technology trajectory of the patent citation net-
works based on the applicant and examiner citations, respectively

Publication Number Publication Year A E Count of 
Citing 
Patents

Count of Cited Patents

Applicant & 
Examiner

Applicant Examiner

US9806131 2017 √ 0 290 278 12
US9570502 2017 √ 1 286 274 12
US9373736 2016 √ 4 285 273 12
US9054246 2015 √ 4 282 270 12
US8724366 2014 √ 5 279 267 12
US8422266 2013 √ 9 267 255 12
US8102693 2012 √ 17 256 244 12
US8023306 2011 √ 17 254 244 10
US7881091 2011 √ 23 239 229 10
US7773404 2010 √ 40 236 224 12
US7026041 2006 √ 38 45 44 1
US6844025 2005 88 16 15 1
US6692820 2004 √ 148 15 14 1
US6451415 2002 √ 311 12 7 5
US6352777 2002 √ √ 352 21 14 7
US6278055 2001 √ √ 221 16 12 4
US6198092 2001 √ √ 225 16 15 1
US6198091 2001 √ √ 239 16 13 3
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citation network, and six nodes appear in both the applicant & examiner citation network 
and the examiner citation network. Similarly, nodes that appear both in the main paths of 
the applicant & examiner citation network and examiner citation network are all patents in 
the early period, while nodes that appear both in the main paths of the applicant & exam-
iner citation network and applicant citation network are more recent patents, because of the 
large number of cited patents by applicants.

The difference between the main paths of the applicant citation network and the appli-
cant & examiner citation network, with merging family members, strongly indicates the 
great impact generated by added examiner citations. As for whether it is positive or nega-
tive, further comparison of nodes in main paths of the applicant & examiner citation net-
work, and applicant citation network is needed to judge whether examiner citations pro-
vide valuable clues for tracing the evolution of a technology. Some statistical information 
about each node in the main pathways of the applicant & examiner citation networks and 
the applicant citation network after merging family members are presented in Table 8 and 
Table 9 in Appendix, respectively.

Through analysis, it is not difficult to find that patents with a higher proportion of 
examiner citations are more likely to appear both in the examiner citation network and 
the applicant & examiner citation network. Furthermore, compared with MPA in the 
applicant citation network, MPA nodes in the applicant & examiner citation network 
receive higher forward citations. When we include cited patent members belonging to 
a family from other patenting authorities, the greater impact is generated in the main 
pathways of the applicant & examiner citation network, indicating that examiners tend 

Fig. 10   The main pathways in the three types of photovoltaic citation network (merging family members). 
The brown nodes represent patents that belong to both main paths of the applicant citation network and 
examiner citation network; The dark blue nodes and pink nodes indicate these patents are included in the 
main paths of the applicant citation network and examiner citation network, respectively; The light blue 
nodes represent that only appear in the applicant & examiner citation network
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to cite more patents from other authorities than applicants, which is consistent with 
the finding by Thompsori (2006). A family of patents is a collection of patents from 
different countries that are concerned with the same technical topic (Michel & Bettels, 

Table 8   Patents in the main pathways of the applicant & examiner citation networks (merging family mem-
bers)

A and E indicate that the patents are included in the main technology trajectory of the patent citation net-
works based on the applicant and examiner citations, respectively

Publication Number Publication Year A E Count of 
Citing 
Patents

Count of Cited Patents

Applicant & 
Examiner

Applicant Examiner

US6384321 2002 √ 99 4 1 3
US6376765 2002 √ 197 9 2 7
US6495067 2002 √ 107 8 0 8
US6727023 2004 √ 18 4 2 2
US6911595 2005 √ 44 27 3 24
US6849798 2005 √ 13 4 0 4
US9680039 2017 0 97 96 1
US9312507 2016 4 221 215 6
US7989694 2011 5 44 22 22
US7276724 2007 110 43 41 2
US7635810 2009 119 104 95 9
US7781672 2010 58 74 38 36
US7898054 2013 0 227 227 0
US8198117 2012 √ 27 197 193 4
US9472765 2016 √ 0 43 42 1
US8723169 2014 4 47 45 2
US7718888 2010 60 14 5 9
US8716596 2014 17 13 6 7
US8658458 2014 5 8 8 0
US9640676 2017 3 19 11 8
US8829339 2014 8 37 24 13
US9082908 2015 1 14 14 0
US10829864 2020 1 241 238 3
US9911875 2018 1 9 0 9
US11038072 2021 0 251 246 5
US10164127 2018 √ 0 538 532 6
US10461208 2019 0 69 14 55
US10854764 2020 0 35 6 29
US11133426 2021 √ 0 101 101 0
US9935228 2018 0 13 7 6
US9466750 2016 √ 0 39 36 3
US8822262 2014 16 87 83 4
US9837576 2017 4 32 23 9
US10224442 2019 √ 2 31 24 7
US10453976 2019 0 17 2 15
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2001). However, given the different citation behaviors of parent and child patents, 
global technology trends cannot be understood by only analyzing patent data issued 
by a single authority. All the patents cited within a complete family need to be merged 
into one family record to produce a full and comprehensive citation analysis.

Table 9   Patents in the main pathways of the applicant citation networks (merging family members)

Publication Number Publication Year A A&E Count of 
Citing 
Patents

Count of Cited Patents

Applicant & 
Examiner

Applicant Examiner

US6300612 2001 √ 311 17 12 5
US7151217 2006 √ 17 40 39 1
US7205585 2007 √ 5 47 45 2
US8258500 2012 √ 2 16 10 6
US6900382 2005 √ 61 110 94 16
US7414188 2008 √ 7 154 146 8
US6924427 2005 √ 45 131 115 16
US8129616 2012 √ 9 36 30 6
US8623448 2014 √ 1 167 164 3
US8198117 2012 √ √ 27 197 193 4
US9184390 2015 √ 3 4 2 2
US8975512 2015 √ 0 128 128 0
US8772629 2014 √ 0 135 132 3
US8906733 2014 √ 0 104 100 4
US9202954 2015 √ 3 106 103 3
US9147793 2015 √ 5 28 26 2
US9853177 2017 √ 1 12 9 3
US10164127 2018 √ √ 0 538 532 6
US11133426 2021 √ √ 0 101 101 0
US9466750 2016 √ √ 0 39 36 3
US9634177 2017 √ 1 12 12 0
US10224442 2019 √ √ 2 31 24 7
US9472765 2016 √ √ 0 43 42 1
US8283002 2012 √ 2 34 33 1
US8828274 2014 √ 0 28 21 7
US8097876 2012 √ 2 33 31 2
US9976023 2018 √ 1 30 27 3
US8431925 2013 √ 5 44 27 17
US10029916 2018 √ 1 126 122 4
US9691921 2017 √ 5 139 132 7
US10008628 2018 √ 0 179 179 0
US10615304 2020 √ 0 184 183 1
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Conclusions and discussion

There has been a lengthy discussion regarding the distinctions between applicant and 
examiner citations and whether the latter may cause ’noise’ for knowledge flow and 
spillover. This paper primarily focuses on the area where citation analysis is frequently 
employed—technology evolution—to comprehensively investigate the differences between 
examiner citations and applicant citations. After analyzing USPTO patent data from both 
micro and macro perspectives, we have drawn four conclusions based on our four-dimen-
sional analysis:

•	 First, the proportion of examiner citations is lower than applicant citations, mainly 
because USPTO is the only authority requiring that applicants submit all known prior 
art documents; otherwise, they would be considered as violating the "duty of candor." 
This point contradicts the results of many previous studies, which are mostly based 
on EPO patent data (Criscuolo & Verspagen, 2008). In view of citation lag, the aver-
age ages of cited patents added by examiners are younger than those provided by the 
applicants. This can be attributed to the nature of the examination process, in which 
examiners prioritize the most recent patents to assess the patentability and originality 
of a patent application.

•	 Second, as for technology relevance analysis, the distribution of relevance category 
reveals that, for applicants, there is no obvious inclination to avoid citing particularly 
relevant patents, which is in line with the proportion of non-similar citations (the simi-
larity value is 0) among the sample of applicant citations to examiner citation. Incon-
sistently, IPC/CPC-based average cosine similarity reveals that examiner citations are 
slightly closer in technological proximity to their invention than those that applicants 
cite. This is due to the fact that, in the examination process, their focus is on ensuring 
that the invention is distinct from prior art and represents an original contribution to the 
field, and therefore they are more likely to cite patents directly related to the techno-
logical aspects of the invention.

•	 Third, technology diversity analysis has shown that there is no consistency between the 
degree of diversity for applicant citations, examiner citations, and applicant & exam-
iner citations at the single patent level. The average trends by year and by sub-technol-
ogy reveal that the citations provided by examiners tend to be limited to a relatively 
narrow set of technological fields. This finding supports the view that examiners have 
the potential to increase the quality of citations to prior art, given their real-world expe-
rience and substantial knowledge of the field they are examining. A great impact is 
generated for individual patents with added examiner citations for the diversity meas-
urement. Yet, there is little impact on the average trend of technology diversity by year 
or by sub-technology after adding examiner citations.

•	 Fourth, results without merging family members have presented that examiner citations 
cannot reverse the main pathways of an applicant citation network. They do contribute 
some unique nodes that have the potential to extend the process of technological inno-
vation in a technological field. Such findings fit with the observation that examiners 
usually have rich experience in searching and retrieval and are familiar with profes-
sional patent databases. However, this is quite contrary in the citation network after 
merging family members, with a strong impact generated by added examiner citations. 
This needs our attention and further exploration when analyzing the main pathways in 
the citation network.
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•	 Particularly, comparison among different sub-technologies has shown that in sub-tech-
nologies at the growth stage, applicants and examiners both cite patents more recently 
and tend to integrate border technologies from other fields than in sub-technologies at 
the mature stage for their rapid turnover, which, in turn, can be used as an indicator for 
evaluating the potential to become emerging.

The main contribution of this research is the provision of a systematic comparison 
between the two types of citations within the context of technology evolution, along with 
new insights from both macro and micro perspectives. Practically, these differences yield 
two important implications for effectively utilizing patent citation data. First, these dif-
ferences remind us to pay extra attention to the context in which citation data is used to 
measure technology evolution, particularly when deciding whether to distinguish between 
applicant citations and examiner citations, and which one is more accurate. We have 
noticed that, when characterizing technology relevance and technology diversity, there are 
significant differences between applicant and examiner citations at the individual patent 
level. However, when comparing across fields or exploring annual trends, the impact of 
examiner citations is minimal for their consistency. When characterizing the main path-
ways of technology evolution, examiner citations had a significant impact in merging fam-
ily member groups. Therefore, differences between the two types should not be ignored 
when using citation analysis, and whether to use the examiner citations needs careful con-
sideration according to the actual problem to be solved. Second, the differences in patterns 
between examiner and applicant citations can serve as signals for technology assessment. 
For example, applicants and examiners both cite patents more recently and tend to inte-
grate border technologies from other fields in sub-technologies at the growth stage than at 
the mature stage. This pattern can, in turn, serve as an indicator for evaluating the potential 
to become emerging. The fact that examiner citations tend to refer to younger patents sug-
gests that examiner-driven citations may be more indicative of cutting-edge or emerging 
technologies.

However, this paper also has some limitations, which serve as fodder for further explo-
ration. This study presents some interesting findings, but the reasons behind certain dimen-
sional differences remain unclear. For example, the reason for the significant differences 
caused by examiner citations in the main pathways after merging family members remains 
unclear, which requires further in-depth investigation in the future. Further, our analysis 
focused on USPTO-granted patent data. However, given the different citation regulations 
of different patenting authorities, and therefore the differences in citation patterns in EPO, 
JPO, and other popular offices need to be compared further. Second, we came to realize 
that pooled citations provide a good signal of knowledge flows, but citation noise can be 
added at many stages of the patent process: by the applicants when preparing the applica-
tion, by researchers during the patent office search, by the examiner during the examination 
phase, or by interested third parties after the patent application has been published (Derek, 
2014). However, most of these citations are not reported separately in some intellectual 
property departments/offices, e.g., the Chinese patents in CNIPA (the China National Intel-
lectual Property Administration) don’t cover such information. For this, deep and detailed 
exploration is still needed in future work. At the same time, not all US examiner citations 
are made purely by examiners, in that some “examiner” citations in USPTO may have 
been recognized and recorded through information added by the information disclosure 
statement supplied by applicants; at the same time, some applicant citations are added 
by patent attorneys rather than applicants (Wada, 2018). How to distinguish this detailed 
citation information remains to be further explored. Otherwise, nine sub-technologies in 
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photovoltaics are selected as case studies for analysis, and their comparisons have revealed 
some interesting findings compared to previous studies rather than analyzing multiple 
fields. In the future, more case studies should be conducted to bolster generalizability and 
to support or overturn our conclusions.

Appendix

See (Table 9).
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