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Abstract

This study investigates technology convergence of Al considering both industrial sectors
and technological characteristics with patent data in terms of two-way approaches: IPC-
based network analyses and text-based clustering analysis. The IPC-based network analy-
ses, which indicate a top-down approach in this study, focuses on influential technology
area with hub nodes and their tie nodes in an [PC-based convergence network. A network
centrality analysis is applied to determine the hub nodes which identify notable industrial
sectors and influential technology. In addition, an ego-network analysis is conducted to
examine the strongly related technology on the hub nodes. Meanwhile, from a bottom-up
approach, a text-based clustering analysis is performed and the result shows an applied
target of the technology and an integrated form of various technology which are not found
from the top-down approach. Consequently, this study suggests new research framework to
understand technology convergence based on the industrial sector, influential technology
category, and technology application aspects. In line with the findings, this study analyzes
technology convergence of Al by the notable industrial sectors: finance/management, med-
ical, transport, semiconductor, game, and biotechnology sector. The results of this study
suggest practical implications for Al technology and related industries.
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Introduction

The artificial intelligence (AI) software market size in revenue is expected to reach
$240.27 billion in 2024 with a compound annual growth rate (CAGR) of 16.7% (IDC,
2020). AI has attracted enormous attention not only in the information and communica-
tions technology (ICT) industry but also in a variety of other industries. In the health-
care industry, Al has already begun to transform a variety of aspects, such as offer-
ing monitoring, advice to patients and interpretation of scans (Houlton, 2018; Yu et al.,
2018). In addition, Al is a key technology for autonomous driving, connectivity, elec-
trification, and the shared mobility trend in the automobile industry (McKinsey, 2018a).
Moreover, the expansion of robo-advisors using Al in the finance industry has been uti-
lized (Deloitte, 2016). Likewise, Al is changing the landscape of various industries and
applied area has increased gradually.

Al has led to not only technological progress and new innovations but also has the
potential to be a general-purpose technology (GPT) (Liu et al., 2021). Research has con-
firmed how AI can affect technological innovation by improving knowledge creation,
knowledge spillover, absorption capabilities, and by increasing investments in R&D, thus
explaining the significant relationship between Al and technological innovation and also
the positive impact of Al with regard to industry heterogeneity among high- and low-tech
sectors (Liu et al., 2020). In addition, relevant study empirically has examined Al, showing
that it plays a crucial role in increasing innovation performance at manufacturing enter-
prises (Yang et al., 2020). Moreover, Al has potential to become a GPT increasing direct
productivity and spurring complementary innovations (Brynjolfsson et al., 2017). Because
Al can drive innovations and lead to a new paradigm shift by combining various industries,
there is a societal need to develop Al while considering its impact on various industries.

Technology convergence has been considered as a tool to drive technological innova-
tion, and interdisciplinary research and the merging of different technologies have there-
fore increased (Kose & Sakata, 2019). Technology convergence refers to “the process
by which two hitherto different industrial sectors come to share a common knowledge
and technological base” (Athereye & Keeble, 2000; Rosenberg, 1976). By sharing tech-
nological characteristics, the erosion of distinct barriers has been accelerated among
various industries (Wang et al., 2019b). Technology convergence leads to industry con-
vergence (Choi et al., 2015; Nystrom, 2008), and industry convergence could only occur
with the convergence of technologies (Nystrom, 2008). Therefore, this study attempts to
examine the technology convergence of Al considering both technological and indus-
trial perspectives.

Previous studies on the AI have insufficiently investigated the integrated approach con-
sidering both the overall industry and individual technology. Applied Al research has gen-
erally investigated a specific industrial sector, such as healthcare, vehicle, finance, etc. (Yu
et al., 2018; Houlton, 2018; McKinsey, 2018a; Deloitte, 2016). In addition, research on Al
patent analysis has analyzed Al technology itself by technological type, firm, and country
level (Fujii & Managi, 2018; Tseng & Ting, 2013; WIPO, 2019a). Likewise, those studies
generally have not focused on insights across various industries. Meanwhile, some reports
on the industrial impact of Al have usually focused on comparing economic impact among
industries (PWC, 2018; Deloitte, 2018; McKinsey, 2018b). However, those have not inves-
tigated comparing technological aspects according to industries from the perspectives of
technology convergence. Therefore, this study attempts to investigate technology conver-
gence of Al considering a set of industries and individual technology.
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Research on technology convergence in relation to patent documents has been com-
monly divided in terms of three perspectives: 1) purpose, 2) methodology, and 3) object of
the analysis (Kim & Lee, 2017). In particular, the purposes are two fold, identifying evo-
lutionary trajectory and convergence pattern, and the methodologies are divided into two
parts, patent co-citation to examine knowledge flow and patent co-classification to examine
convergence phenomenon (Kim & Lee, 2017). Relevant studies of the object of the analysis
can be divided according to whether the analysis targets one main technology category or
more than two technology categories belonging to heterogeneous industry sectors. In most
technology convergence research, these three perspectives have been combined depending
on the research questions. The research related to one targeted main technology and the
corresponding sub-technologies are as follows. Kim et al. (2014) analyzed the convergence
of printed electronics technology based on its element technologies (i.e., device, ink, sub-
strate, circuit, and control) to identify key technologies and their trajectories using co-cita-
tion. Han and Shon (2016) analyzed technological convergence in ICT using co-citation
to identify crucial roles depending on the period. Wang et al. (2019b) identified emerging
topics associated with 3D printing technology depending on time, comparing technology
convergence with non-technology convergence environments based on co-classification.
Meanwhile, the studies targeted two or more technologies belonging to heterogeneous
industry sectors are as follows. Kim and Lee (2017) examine technology convergence in
the IT and BT industries to identify key convergence technologies based on co-citation and
to forecast future technology convergence. Curran and Leker (2011) analyzed convergence
in the areas of NFF and ICT based on co-classification. Kose and Sakata (2019) identified
technology convergence in robotics research considering related various sectors extracted
from cluster categories such as robot control systems, surgical and medical systems, and
automaton in biological and chemistry, among others, based on co-citation.

However, despite their invaluable and meaningful insights, the previous studies have
several limitations. First, many of them identify convergence phenomena and trajectories,
but there have been insufficient attempts to understand the characteristics of the technology
from a multi-dimensional perspective. In other words, few studies have investigated how
the technology is actually applied in a relation to the defined convergence phenomenon
and/or trajectory. Second, attempts to examine technology convergence from a holistic
industrial perspective have been insufficient. That is, many studies have explored conver-
gence while focusing on technology itself and on sub-technologies (e.g., IT and corre-
sponding sub-technologies such as devices and networks) or on combinations of technolo-
gies between heterogeneous industries (e.g., IT and BT). However, it is difficult to provide
insight from a whole-industry perspective regarding technology.

To overcome these limitations, the paper proposes a two-way approach for technology
convergence involving top-down and bottom-up approaches. The top-down approach here
attempts to investigate technology convergence from a macro-perspective and to investigate
notable industrial sectors and corresponding technology categories. This allows for a com-
parison of industry-specific technology categories from an all-encompassing perspective
of industry. The bottom-up approach here attempts to investigate practical usage instances
on a microscope, focusing on technology categories by industry. The integration of these
two approaches provides an integrated and multidimensional understanding of technology
convergence in terms of industry sectors, technology categories, and technology applica-
tion levels.

We investigate this two-way approach based on patent documents. In this study,
technology convergence is defined as when more than two technologies belonging to
different sectors appear in one patent at the same time. If heterogeneous IPCs appear
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in one patent, the technology corresponding to each IPC is considered to be con-
verged. In terms of technology convergence, the top-down approach serves to iden-
tify the patterns by which two IPCs converge, deriving significant IPCs in technology
convergence. On the other hand, the bottom-up approach derives significant keywords
regarding the convergence pattern though patent textual data, not covered from an IPC.
Specifically, detailed procedures and explanations of the two-way approach are as fol-
lows. Using the top-down approach, this study conducts a network analysis in order to
identify the central position in the convergence network using IPC codes that describe
the technology category as a generally accepted classification scheme. Meanwhile, the
bottom-up approach utilizes a clustering analysis, which is commonly used to derive
characteristics from numerous of textual data. This approach groups patent documents
based on similarities among the patent documents within industrial sectors. Overall,
the contributions of the two-way approaches are to identify notable industrial sectors
and influential technology categories based on the central position in the Al conver-
gence network from the top-down approach and to identify significant keywords of
actual use of the technology within the industrial sectors via the bottom-up approach.

The complementary aspects of the two-way approach are as follows. First, the top-
down approach targets structured data, i.e., IPC data, which restricts the discovery of
insights other than information in the technology category. In contrast, the bottom-up
approach targets unstructured data, i.e., text data, including detailed explanations and
information from the patent documents. Second, for unsupervised learning, in which
the results of the clustering analysis are not strictly defined, the interpretation of the
results is very important. To understand the results of the clustering analysis, the top-
down approach, i.e., the network analysis, provides directions pertinent to the technol-
ogy category.

The novelty of this paper is as follows. First, in order to identify the characteristics
of technology convergence, this study attempts to compare the results of the technol-
ogy categories from the network analyses and the results of the keywords from the
cluster analysis. This study presents a new research framework by which to understand
the technology convergence by discovering the structure of technology convergence
patterns and additionally by investigating practical application aspects in the con-
vergence patterns. Second, the study attempts to analyze Al technology convergence
throughout various industries with a holistic and integrated approach that considers
significant industries, technology categories, and related applications. In particular,
research on general-purpose technology such as Al is crucial from an industry per-
spective, and the industry-specific Al convergence characteristics identified in this
study can have significant implications for all Al-related industries.

The research questions of this study are as follows. (1) What are the notable indus-
trial sectors in technology convergence of AI? (2) To compare the technological char-
acteristics of Al convergence by the industrial sectors, which differential aspects do
the two-way approaches have? The remainder of this paper is structured as follows.
Section 2 describes the research framework and proposed methodology of this study.
Sections 3 briefly shows the dataset in this study. Section 4 shows the results of net-
work centrality analysis, ego-network analysis, clustering analysis, and the two-way
approaches. Section 5 presents discussions and conclusions, and also proposes future
research directions.
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Proposed methodology
Research framework

Figure 1 shows the research framework for this study. A top-down approach focuses on
hub nodes and their tie nodes in an IPC-based convergence network. A network central-
ity analysis is applied to determine the hub nodes (hubs, in short) which identify ‘notable
industrial sectors’ and ‘influential technologies’. In addition, an ego-network analysis is
done to understand the tie nodes (ties, in short) which are strongly ‘related technologies’ on
hubs. The top-down approach, which means IPC-based network analyses, shows the results
on the major technology convergence category with hubs and ties in each industrial sec-
tors. Meanwhile, a bottom-up approach constructs clusters through the process of grouping
the whole patents with similar topics. A text-based clustering analysis is performed, and
the results show additional information not found in IPC-based network analyses. Gener-
ally, a patent is document that explains a new invention which are related to technology
category, the problems to solve and how to solve them as well. Thus, text data in a pat-
ent document can be understand as information related to the application or method for
implementing the technology, in addition to the structured technology categories identified
from the IPC codes. Thus, keywords can be extracted from each cluster, and the aspects of
technology applications can be examined by linking these aspects with the technology cat-
egory derived from the network analysis. In this study, a technology application is defined
as a practical way in which the technology can be used in the industry and technology
categories.

Figure 2 shows the research procedure of this study, and following sections describe
the background and provide a detailed explanation of each step. Because the purpose of
the top-down and bottom-up approach differ, the range of the analysis dataset in each case
is set differently. The top-down approach aims to extract significant industry and industry-
specific technology categories using Al patents; thus, this step targets the entire Al patent.
On the other hand, the bottom-up approach aims to identify specific and detailed features

Notable Indusrial Sector

Influential
Technology

Industrial Sector
Top-down Approach

+ Industrial Sector & Technology
Category Level

+ Network Structure Recognition
(Network Analysis)

+ Structured Data (IPC-based)

Related
Te;‘::logy Technology Category

Ties

Bottom-up Apprach A . .
Keywords , Technology Application
+ Technology Category & ;
Application Level
+ Unsupervised Learning
(Clustering Analysis)
+ Unstructured Data (Text-based)

/ Clusters

Fig. 1 Research framework
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Data Collection of
Al-related Patent Documents
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|
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l
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l
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Identifying ‘
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]

Identifying
Keywords of Technology Application

Comparing Technology
Convergence of Al

Fig.2 Research procedure

of technology applications in relation to the technology category regarding notable indus-
trial sectors derived from the top-down approach. Accordingly, it targets Al patents clas-
sified by industrial sector. Meanwhile, the study uses abstract data from each patent docu-
ment for the analysis of the text data.

Data collection

There have been many trials to establish a new patent category in the area of Al. Accord-
ing to previous research, Al has been categorized into three broad areas: big data analytics,
vision, and language (Tractica, 2016). In the same vein, to define the scope of our research,
we categorized Al software technology into three groups: (1) learning and reasoning, (2)
natural language processing, and (3) computer vision. In the previous research, IPC codes
were used in selecting and classifying Al technology (Fujii & Managi, 2018; Tseng &
Ting, 2013). Comprehensively, we collected the three groups of patents with related IPC
codes. The IPC codes for each Al patent group in this study were according to the work of
the Korean Intellectual Property Office (KIPO) in 2018 (KIPO, 2018). Table 1 shows the
category of the Al technology and IPC codes used in this study. The descriptions of each
IPC are referred to the WIPO (WIPO, 2019b).

This study collected Al-related patents which were registered at the United States Pat-
ent and Trademark Office (USPTO) from Google Patent Datasets. We constructed a set of
standard SQL statements using the Google BigQuery platform for collecting Al-related
patents with IPC codes during the period from 2000 to 2019 for the publication dates. In
addition, from the Google Patents Search, we collected the forward citations of each pat-
ent. The total number of patents collected was 209,212, and one patent was incomplete;
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thus, 209,211 patents were selected for this study. Also, we extracted 2517 IPC codes at the
group level from the patents.

Formation of IPC co-classification network

To measure technological convergence, previous research commonly used a co-classifi-
cation network analysis and co-citation network analysis (Curran & Leker, 2011; Kwon
et al., 2020). This study constructs a convergence network using co-classification for the
following reasons. First, a co-citation is based on the relationships among the patent docu-
ments themselves, while co-classification is based on the relationships among the technol-
ogy classification codes. Although a co-citation analysis is useful to understand knowledge
flows (Lee et al., 2016), an IPC co-classification analysis can be a more direct indicator
that explains specific technology areas (Choi et al., 2015). Therefore, co-classification is
more adequate for the research purpose here, which is to identify technology categories in
a convergence network. Second, co-classification is more consistent with the definition of
technology convergence in this study. This study defined technology convergence as occur-
ring when more than two technologies belonging to different sectors appear on one patent
at the same time, and this definition corresponds to the co-classification concept.

Therefore, in this study, an IPC co-classification network was formed to analyze the
convergence using patents. In the patent analysis, each IPC is considered as a node and
the relationship between the IPCs as a link, and the weights mean the number of common
patents for a pair of IPCs. We formed an undirected and weighted graph to analyze the net-
work. The IPC co-classification network was created at the group-level (e.g. GO6K-009) of
each patent, a total of 2517 IPCs.

Extracting the hubs through network centrality analysis

Among the various network centrality indicators, degree centrality shows how connected
the node is (Jackson, 2008). Degree centrality is an efficient indicator of measuring the
power of each node (Borgatti et al., 2013) because a node with many links between other
nodes has more advantages and influences on the network. Betweenness centrality shows
the mediating role of the network among the nodes. If a node is located on the shortest path
between a pair of nodes in the network, the node is considered to be on an advantageous
position. Meanwhile, based on those two centralities, the network positions are categorized
into four positions: the hub, bridge, core, and periphery (Baek et al., 2014). The hub posi-
tion means highly connected with others and is important in connecting others, which has
both a high degree and betweenness centrality. Therefore, in this study, the degree central-
ity and betweenness centrality were analyzed to investigate the hub nodes with advantages
and influences on the network. From those hub nodes, this study identify the notable indus-
trial sectors and influential technologies.

In terms of technology convergence, degree centrality can measure the direct influence
in the technology convergence (Kim et al., 2014), and betweenness centrality is an indica-
tor of the extent of the role of a node as a brokerage, and related to arbitration capabilities
in technology convergence (Huang, 2017; Lee et al., 2012). Therefore, from the IPC co-
classification network constructed in this study, the degree centrality finds IPCs which play
a central role in terms of direct connectivity, whereas the betweenness centrality finds IPCs
which play a central role in terms of intermediary connectivity.
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In this study, the equation of node degree centrality can be defined as follows (Borgatti
et al., 2002; Freeman, 1979).

8
Cop(N) = Y x;i # ],
=1

J

where g is the number of IPCs in the network, x; is the degree of strength of the relation-
ship between IPC i and IPCj (0 < x; < max).

In this study, the equation of node betweenness centrality can be defined as below (Bor-
gatti et al., 2002; Freeman, 1979).

CB(Ni) _ Z g}k( z)

Jj<k Jk

i #k

where g, is the number of shortest paths between IPC j and IPC k, and g, (V) is the num-
ber of paths including IPC i in the shortest paths between IPC j and IPC k.

The method for extracting the hubs through network centrality analysis is described as
follows. In order to extract influential technology (i.e. hub) in the convergence network,
the top 10 percent of the IPCs were considered. Appendix A. shows the distribution of
the degree and betweenness centralities, respectively. The distribution shows the form of
positive skewness with a long tail on the right. The top 10 percent was within rank 250
and explains 96.3% in the degree centrality (Sum of the top 10 percent centrality meas-
ure =9,528,040 /Sum of the total centrality measure =9,893,234), and describes 96.7% in
the betweenness centrality of the total value (3,413,198 / 3,528,905). Thus, the top 10 per-
cent of technology can represent the influential technology in this study.

Extracting ties on the hubs through ego-network analysis

For the selected hubs in Sect. “Extracting the hubs through network centrality analysis”,
this section investigated the linked technology. An ego-network consists of a connection
between one central node called an ego and other nodes called alters connected to that
node. The ego-network was analyzed for each hub, and the strength of the connection with
the alter was measured by the tie value which was based on the total number of ties in the
ego-network. The nodes with the top 10 tie values were selected to derive the strong-tie in
this study. The strong-ties were analyzed to identify the characteristics of the linked tech-
nologies among sectors. The linked technologies of the hub in each sector, which are ties,
were investigated in terms of common or different technology within the sector compared
to other sectors. Meanwhile, technology included in its own sector was not considered. For
example, when analyzing the hubs in the medical sector, ties in the medical sector were
excluded from the analysis.

Classification of dataset by industrial sector

To classify the patents by industrial sector, we referred to the WIPO IPC and technol-
ogy concordance table (Schmoch, 2008) which was classified technology into thirty-five
fields according to IPC codes. (See Appendix B). In this study, a term ‘sector’ was com-
monly used to indicate each ‘field’ in the IPC-concordance matrix. Among thirty-five
sectors, to determine the industrial convergence sector in Al, we excluded sectors that
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are directly related with ICT and Al technology. Additionally, we excluded sectors that
are specialized for a process or a machine itself and are difficult to identify in a specific
industry. Also, in the furniture/game sector, only the game sector was examined in this
study because those two are not considered as a same category in common, and a great
amount of technology was included in game technology. Thus, the final sixteen sectors
to be analyzed in this study were selected and the sectors were as follows: IT meth-
ods for management (referred to here as the finance/management sector representing
included technology), semiconductors, analysis of biological materials, medical tech-
nology, biotechnology, transport, games, environmental technology, organic fine chem-
istry, pharmaceuticals, civil engineering, food chemistry, nanotechnology, basic materi-
als chemistry, metallurgy, and polymers.

Keywords extraction through clustering analysis

For each industrial sector, there are number of patents and they are expected to have more
than a single topic within a sector. To unveil topics consisting of a sector, clustering analy-
sis using a Document-Term Matrix (DTM) could be applicable. From each cluster, key-
words representing the core topics could be extracted.

Considering the characteristics of the dataset in this study, each cluster would be very
close in an industrial sector. The patents within a sector do share similar topics. It is
expected that there can be a degree of overlap among clusters. Also, a DTM of a sector
could be a sparse matrix if there are number of clusters which share similar topics. Similar
documents (i.e., patents) share a set of terms, and it is differentiated with others.

One of the widely used clustering methods is K-means clustering, which is quite simple
and fast, but it has difficulty in handling inherent heterogeneity such that a certain data
set is close to more than one cluster (Patel & Kushwaha, 2020). The resultant clusters of
K-means clustering are disjoint because a data point is uniquely assigned to the cluster
with the closest distance from the centroid which is the cluster center. Due to the disjoint
nature, K-means clustering is not fit for clustering patents with similar topics.

Spectral clustering is one of the candidate solutions for patent clustering. It does not rely
on distribution of the data. However, the DTM would be sparse and the affinity matrix for
the spectral clustering also would be sparse. Thus, the spectral clustering is not suitable
with our dataset because the spectral clustering requires a fully connected affinity network.

On the other hand, the Gaussian Mixture Models (GMM) cluster assigns a certain data
set to the multivariate normal components maximizing the component posterior probability
(Wang et al., 2019a). GMM finds complex patterns and then groups them into cohesive
and homogeneous components which are a close representative of real patterns in the data
set (Patel & Kushwaha, 2020). GMM is a density-based clustering algorithm which means
that a resultant cluster has a high-density region surrounded by low-density regions. Pat-
ents with similar topics sometimes cannot be clustered with distinct boundaries, which can
be clustered with a density-based model. Also, in GMM a data point can be expressed as a
set of probabilities of cluster membership, which means the mixed membership.

GMM is an unsupervised clustering which finds out K Gaussian distributions from
the given data, where K is the number of clusters. Thus, a probability density function of
GMM p(X) for a D-dimensional vector X is expressed as a superposition of K Gaussian
probability densities (Bishop, 2006.)
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K
PO = Y mMNX|py, )
k=1

where 7, is called the mixing coefficient, which indicates a selection probability of kth
Gaussian distribution, M(X|y,,X,) is kth Gaussian density, p, is a D-dimensional mean
vector of kth Gaussian distribution, and X, is a D X D covariance matrix of kth Gauss-
ian distribution. The parameters of the distributions are iteratively updated and converged
using the Expectation—-Maximization (EM) algorithm. These process means that the itera-
tive estimation of parameters =, y,, and X, for given data X.

The method for the patent clustering is described as follows. First, the abstracts of the
patents were tokenized and lemmatized using the Python spaCy library to count terms in
different forms in sum. Then a bigram DTM was constructed from the lemmatized text
of the patent abstracts after removing stop words including patent-specific common terms
such as ‘method’ and ‘apparatus’. To weight the relatively important terms, a bigram Term
Frequency-Inverse Document Frequency (TF-IDF) DTM was calculated from the DTM.
Based on the TF-IDF DTM, the dimensionality of terms was reduced while preserving
the hidden meaning of terms and reducing sparsity of the input DTM by applying Latent
Semantic Analysis (LSA) with the target explained variance of 90% (See Appendix C). The
patents were then clustered using GMM with the Python scikit-learn library by increasing
the number of clusters from 1 to 10. In addition, to prevent EM from converging local
maxima, each setting was executed 5 times with different initial random seeds.

The best-fitting models were chosen based on the Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC) values. For a GMM clustering, AIC and BIC
were measured to determine the appropriate number of clusters (Burnham & Anderson,
2002). Usually, the lower information criterion indicates the better clustering. Thus, the
best-fitting model among different number of clusters could be chosen with the lowest AIC
or BIC value. If the lowest AIC model and lowest BIC model were not the same, the result-
ant clusters of both models needed to be reviewed. In our dataset, however, the lowest AIC
model was chosen because the lowest BIC was always the single cluster case.

Then, each resultant cluster had distinct top keywords according to the TF-IDF values.
By taking the mean TF-IDF value of each bigram term in a cluster, the top keywords were
populated from bigram terms of top mean TF-IDF values.

Dataset

To understand the dataset in this study thoroughly, we analyzed the patent data with
the innovation performance indicators, which can compare the level of convergence by
industrial sectors classified in the Sect. Classfication of Dataset by Industrial Sector.
For measuring innovation performance, the number of patents or forward citations were
used as indicators (Hagedoorn & Cloodt, 2003; Harhoff et al., 1999; Trajtenberg, 1990;
Wartburg et al., 2005). The number of patents means a quantitative aspect in terms of
the technological invention of new technology, process, and product. Whereas forward
citations analysis implies a qualitative aspect (Hagedoorn & Cloodt, 2003).

The datasets classified into the industrial sectors were analyzed using the innova-
tion performance indicators which were number of patents, CAGR of patent counts, and
forward citations per patent (CPP) shown in Table 2. In addition, Fig. 3 shows the trend
analysis according to the industrial sector based on the number of patents by the year.
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Table 2 Datasets by the industrial sector in Al patents

Sector Number of patents ~ CAGR (Compound CPP (Citations per
annual growth rate patent)
(%))
Finance/management 12,603 23 66.87
Medical technology 10,218 17 29.79
Transport 6426 41 29.01
Semiconductors 1896 9 22.20
Biological materials 1768 13 78.76
Games 1576 27 45.47
Biotechnology 1188 12 29.59
Civil engineering 621 23 29.91
Environmental technology 332 28.15
Organic fine chemistry 331 34.77
Basic materials chemistry 185 46.67
Pharmaceuticals 185 16 28.57
Food chemistry 74 20 9.80
Micro-structure and nano-technology 49 15 80.98
Materials, metallurgy 42 16 9.64
Macromolecular chemistry, polymers 35 16 41.14
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Fig.3 Trends of datasets by the industrial sector in Al patents

Year

2010 2012 2014 2016 2018 2020

-e-Finance/Management
-m-Medical
—e—Transport
Semiconductors
-e-Biological materials
-8-Games
——-Biotechnology
—A-Environmental
-@--Organic fine chemistry
-#--Basic material chemistry
-#--Pharmacueticals
-4-Civil engineering
>-Food chemistry
Nanotechnology
Metalluergy

Polymers

In terms of the total number of patents, the finance/management, medical, and transport
sectors had a large patent count, over 6000, and the semiconductor, games, and bio-
logical materials had a patent count of 1000 to 2000. The environmental technology,
organic chemistry, pharmaceuticals, civil engineering, food chemistry, nanotechnology,
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metallurgy, and polymers had a patent count below 1000. From a view of growth rate,
the transport sector showed a noticeably high rate as 41% of CAGR. In addition, the
game, finance/management, and civil engineering sector showed the high growth rates.
In terms of forward CPP by sector, the micro-structure/nanotechnology, biological
material, and finance/management sectors have shown significant numbers of citations
over other sectors. Meanwhile, the following Sect. Results of network centrality analysis
identifies the notable industrial sectors in this study among the sixteen sectors.

Analysis and results
Results of network centrality analysis

This study defined hub nodes as the degree and betweenness centralities within the top 10
percent. Obviously, a majority of hubs corresponded to Al-related or computer technol-
ogy, such as pattern recognition, image analysis, and data processing. The IPC, GO6K-009,
which is related to pattern recognition, ranked first both degree and betweenness centrali-
ties (see Table 3) and positioned in the most central in the whole Al convergence network.

Meanwhile, among the sixteen sectors in our dataset in the Sect. Dataset, the technolo-
gies in finance/management, medical, transport, semiconductor, game, biotechnology, and
analysis of biological materials were included in the hub nodes in the Al convergence net-
work. Table 4 shows the results of the hubs in each sector.

In the finance/management sectors, the Al was used for commerce (G06Q-030), pay-
ment architectures (G06Q-020), business management systems (G06Q-010, 050), insur-
ance and tax (G06Q-040). In the medical sector, the technologies, involved in diagno-
sis (A61B-005, 006, 008), examination or testing instruments (A61B-003), and surgical
instruments (A61B-017), ranked high. For the transport sector, technologies related to pro-
tecting against accidents (B60R-021), optical devices (B60R-001, B60Q-001), vehicle con-
trol (B60W-030, 050, 040, 010), monitoring (B60R-011), seat management (B60N-002)
and preventing theft (B60R-025) ranked high. In the semiconductor sector, technologies
involved in semiconductor devices (H01L-027), manufacturing process (H01L-021), and
details of semiconductor device (HO1L-023) ranked high. In the game sector, the technolo-
gies involved in video games (A63F-013), sports appliances (A63B-071, 069), and controls
for exercising (A63B-024) ranked high. For the analysis result of the biological materi-
als sector, investigating and analyzing materials (GO1N-033) ranked high, especially in the
betweenness centrality, which means this technology has a tendency to mediate other tech-
nologies. In addition, measuring or testing processes (C12Q-001) ranked high in biotech-
nology sector. The biotechnology (C12Q-001) and biological materials (GO1N-033), which
were divided in the Sect. Dataset, were considered as one sector in this study since biologi-
cal materials can be included in biotechnology sector.

Consequently, the six sectors were defined as notable industrial sectors in this study.
In addition, hub nodes in each sector were determined as influential technology. Figure 4
shows the visualization of the six notable industrial sectors and influential technologies
according to Table 3. Especially, for the finance/management sectors, most of the hubs
(G06Q-010, 020, 030, 050) were positioned relatively high in both centralities. The medi-
cal sector has the highest technology (A61B-005) in both centralities among the hubs.
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Table 4 Network centrality analysis on hubs by the industrial sector in Al convergence network

Sector Hub Degree Centrality Betweenness Cen-
trality
Rank Value Rank Value
Finance/Mgmt G06Q-030 40 73,798 22 17,119.15
G06Q-020 41 73,044 48 6751.979
G06Q-010 53 49,148 21 18,096.42
G06Q-050 74 28,710 30 12,771.32
G06Q-040 163 8673 163 1143.456
Medical A61B-005 33 81,404 11 39,581.35
A61B-006 84 23,489 67 4394.374
A61B-008 142 13,333 202 841.873
A61B-003 161 9160 153 1251.287
A61B-017 236 2868 194 886.636
Transport B60R-021 98 21,874 182 981.005
B60R-001 131 14,891 61 4837.574
B60N-002 153 11,183 227 714.849
B60W-030 157 10,228 123 1637.687
B60Q-001 159 9605 82 2977.064
B60W-050 165 8641 115 1878.852
B60W-040 166 8428 145 1334.781
B60R-016 168 8126 184 971.496
B60R-025 172 7670 133 1466.471
B60R-011 177 6805 76 3538.538
B60W-010 213 3678 244 654.781
B64C-039 216 3638 84 2926.836
B64D-047 227 3032 121 1642.973
Semiconductor HO1L-027 72 30,864 80 3097.656
HO1L-021 178 6770 60 4914.426
HO1L-023 226 3077 141 1361.027
Game A63F-013 119 18,299 101 2209.875
A63B-071 215 3646 171 1081.647
A63B-069 225 3114 186 948.48
A63B-024 249 2389 116 1858.182
Biotechnology Biological Materials GOIN-033 95 22,263 16 23,755.15
Biotechnology C12Q-001 186 5899 54 5604.225

Results of ego-network analysis

This section analyzed the ego-network formed for the hubs to identify the linked tech-
nologies. From the ego-network analysis, the technology classification of strong-ties
which were ranked in the top 10 were analyzed in this study. The strong-ties are shown
in Table 5 according to each hub. (See Appendix D for each tie values). Obviously, a
majority of strong-ties corresponded to common Al technology, such as pattern recogni-
tion, image analysis, data processing, and natural language processing. Thus, to determine
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Fig.4 Hubs according to the industrial sector in the Al convergence network

differential strong-ties within the industrial sectors compared to other industrial sectors, we
investigated strong-ties in terms of common or sector-specific technology. The footnotes
in Table 5 shows a category of IPCs considering common or sector-specific technology
among industrial sectors. Consequently, Table 6 presents a summary of the common ties
among the industrial sectors and sector-specific ties by industrial sector.

The result showed that pattern recognition (GO6K-009), image analysis (GO6T-007),
data processing (GO6F-017), and speech recognition (GO1L-015) were commonly used
to almost all industrial sectors, and these technologies correspond to common Al-related
technology. Especially, image analysis (GO6T-007) was highly ranked in medical, trans-
port, semiconductor, game, and biotechnology sectors. Also, data processing (GO6F-017)
was highly ranked in finance, medical, game, and biotechnology sectors. The speech recog-
nition (GO1L-015) was highly ranked in finance, transport, and game sectors.

On the other hand, in addition to these common Al-related technologies, different ties
can be identified for each sector to understand the unique characteristics among the indus-
trial sectors. Table 5 shows the summary ties in each sector. For the finance/management
sector, against unauthorized activity (GO6F-021) was widely used in payment architecture,
commerce, business management systems and insurance (G06Q-020, 030, 040, 050). Moreo-
ver, selective content distribution (H04N-021) was highly connected with all. Additionally,
speech recognition (G10L-015) technology was appeared in commerce (G06Q-030) and
administrative area (G06Q-010). For the medical sector, image analysis (GO6T-007) appeared
to be commonly used in the sector. Additionally, a variety of image-related technologies such
as image generation and enhancement (GO6T-005, 001, 017) emerged in the others. In addi-
tion, diagnosis-related technology (A61B-005, 006, 007) showed high connectivity with the
computational material science (GO6F-019), which includes machine learning, data min-
ing, and biostatistics. For the transport sector, image analysis (GO6T-007) was shown to be
mainly linked to various technologies. Especially, the first representative finding was control
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technology. The technology seen in transport-related nodes was identified as a traffic con-
trol system (GO8G-001), which also included general control (GO5D-001) and aircraft control
(GO8G-005). The second finding was directional guidance and detection technology. Navi-
gation (GO1C-021) and radio direction-finding (GO1S) showed important connections. For
the semiconductors sector, manufacturing processes (HO1L-021) showed many connections
with image analysis (GO6T-007). Especially, semiconductor devices (HO1L-027) had many
connections with the sub-technology of the electric communication technique (H04). In addi-
tion, the optical (GO1B-011) or photomechanical (GO3F-001, 007), and also material anal-
ysis (GOIN-021) were appeared in manufacturing processes. The game sector was divided
into two categories: video games (A63F-013) and sports/exercises (A63B-071, 069, 024). In
video games, not only image analysis (GO6T-007) and but also speech recognition (G10L-
015) showed high connections at the same time. On the other hand, sports/exercise had a high
connection with diagnosis or identification (A61B-005). In addition, educational demonstra-
tion appliances (G09B-019) were appeared in the sports/exercise area. For the biotechnology
sector, the computational material science (GO6F-019) was also highly linked, and the analy-
sis of materials (GO1N-021, 015) appeared.

Results of clustering analysis

The top 30 keywords were extracted for each cluster, and the results of keywords and TF-
IDF values are shown in Appendix E to J. This study selected representative keywords
among the top 30, considering the discriminative meaning of each cluster, excluding redun-
dant or common keywords among clusters. Table 7 shows the results of clustering analysis.

Two-way approaches on network analyses and clustering analysis

Based on the research framework in the Sect. “*Research framework", Fig. 5 summarizes
the results of this study according to the hubs/ties from network analyses and keywords
from clustering analysis according to the Sect. ““Results of network centrality analysis",
““Results of ego network analysis", and ““Results of clustering analysis". As shown Fig. 5,
the hubs and ties show the influential technology and strongly related technology in each
industrial sectors. In addition, the clusters show keywords regarding the technology appli-
cation. An analysis of these two aspects can be complementary relative to both and can
contribute to a better understanding of the characteristics of the convergence of Al and
provide a deeper understanding of the industrial sectors.

The complementary aspects of two-way approach are follows. First, the top-down approach
shows only information in the technology category, while the bottom-up approach shows
information about practical usage examples via the extracted keywords, which are related
to the applied target of the technology. This allows us to understand information about the
data utilized in the implementation of the technology. For instance, the financial sector shown
in Fig. 5 presents hub technology about the ‘payment architecture’ (referring to IPC GO6Q-
020) from the top-down, whereas the keywords of clusters related to ‘payment’ (cluster #3 in
Table 7) provide information about significant applied areas, such as ‘user biometric infor-
mation’. Furthermore, regarding the same technology category among the industrial sectors
extracted from the top-down, the results from the bottom-up show different aspects to provide
a clearer understanding of the applied areas. For instance, hub technology pertaining to ‘image
analysis’ (GO6T-007) is identical among the industrial sectors in the top-down, whereas the
bottom-up allows us to identify differences in target data types for each sector used for the
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image analysis. The image analysis is mainly utilized for the recognition of electronic doc-
uments in the finance sector (cluster #2), projection images (i.e. CT, tomography, X-ray) in
the medical sector (cluster #4), patterns of wafers in the semiconductor sector (cluster #1),
for object detection in the transport sector (cluster #4), and for biological images (i.e. tissues,
cells, specimen) in the biotechnology sector (cluster #1). Second, bottom-up approach gives
information about an integrated form of various technology category extracted top-down
approach. For instance, the transport sector shown in Fig. 5 shows the each influential technol-
ogy pertaining to ‘control’ (GO8G-001, GO5D-001, GO8B-005), ‘navigation & direction find-
ing’ (GO1C-021, GO1S), and ‘image analysis’ (GO6T-007) from the top-down. In contrast, the
keywords of clusters show an integrated form and application of those technologies in trans-
port, such as ‘unmanned aerial vehicle’ (cluster #0). For the game sector, the top-down shows
individually each influential technology related to ‘video games’(A63F-013), ‘controls for
exercising’ (A63B-024), ‘image analysis’ (GO6T-007), and etc., whereas the keywords of clus-
ters show an integrated form, such as ‘augment/virtual reality’(cluster #2). Third, the top-down
complements the results of the bottom-up when defining the cluster structures and meanings.
The bottom-up is a sort of unsupervised learning with unlabeled data, and meanings should be
found by means of interpretations of randomly derived results. The results derived from the
top-down approach can then serve as common criteria and important indicators for interpret-
ing the outcomes from the bottom-up approach.

Discussion and conclusion

This is an empirical study to understand technology convergence focusing on the case of
Al This study attempts to various analytical methods including network centrality anal-
ysis, ego-network analysis, and clustering analysis. As a result, this study identifies the
notable six industrial sectors in technology convergence of Al implying the convergence
level among industrial sectors in order to answer the first research question of this study.
Additionally, to answer the second question in this study, we identify influential technology
sectors through a network analysis, whereas keywords related to technology application
aspects are found through a cluster analysis according to notable industrial sectors.

The theoretical contributions of this study on technology convergence research are as
follows. This study suggests a new two-way approach, consist of the top-down and bottom-
up approaches, to understand the characteristics of technology convergence. The frame-
work of this study suggests integrated perspective on technology convergence based on
industry, technology category, and related to applications. Consequently, it is possible not
only to compare the characteristics of technology convergence by industrial sector, but also
to define factors that can be revealed by each of the two-way approaches.

The methodological contributions in this study are as follows. The first is the combi-
nation of the network analysis using structured data in patent documents and the cluster
analysis using unstructured data in patents. The network analysis provides a direct indica-
tor by which to understand the patterns of technology convergence, while the clustering
analysis provides implications related to practical applications considering each defined
convergence pattern. Second, this study gives insight to technology convergence research
by applying the GMM clustering algorithm. As the technology convergence dataset is a
mixture of different categories of technologies, GMM explains well to classify clusters
with various means and variances. This is meaningful study since there have been few pre-
vious studies related to the GMM clustering regarding technology convergence research.
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Table 7 Results of clustering analysis by industrial sectors in Al patents

Sector Cluster Number  Representative keywords
of patents
Finance/Mgmt 0 767 Content, user, multimedia, advertisement
1 6583 Use, message, text, language
2 1053 Electronic document, image
3 2493 User, biometric, transaction, authentication, payment
4 1707 Image, capture, processing
Medical 0 564 Medical image processing
1 2681 User, signal, eye, sensor, control, determine
2 1418 Image, object, capture, acquire, processing
3 753 Fingerprint, sensor, identification
4 414 Projection, ray, image, ct, tomography
5 4388 Image, tissue, feature
Transport 0 206 Unmanned aerial vehicle
1 2094 Vehicle, image, sensor, signal, detect, camera, video, control
2 1331 Vehicle, user, control, parking, voice, autonomous vehicle
3 476 Drive, assistance, behavior, gaze, eye
4 840 Object detection
5 1174 Image capture processing
6 301 Detect, lane, road, boundary, change
Semiconductor 0 553 Circuit, element, layer, substrate, signal, control, detection
1 484 Pattern, image, wafer, mask, inspection
2 270 Light, emit, fingerprint, optical, substrate
3 184 Defect, inspection, classification
4 405 Fingerprint sensor
Game 0 301 Voice, audio, speech, control, command, message, communication
1 587 Motion, exercise, activity, movement, athletic, body, sports
2 56 Augment/virtual reality
3 53 User identification access
4 228 Image, card, face, detect, object, capture
5 351 Video game, image, gesture, golf, ball, control
Biotechnology 0 854 Determine, measure, detect, feature, genetic
1 468 Image analysis, tissue, cell, specimen
2 116 Data identification, real time, pcr
3 146 Sequence, nucleotide, oligonucleotide, cluster
4 428 Biological sample, image analyze
5 657 Gene expression, biomarker, cancer, disease, treatment, diagnosis
6 287 Cell, blood, image analysis, determine

The contributions and results of this study have practical implications for Al technol-
ogy and related industries. From a strategic business perspective, Al must be considered
as an opportunity to create a new paradigm from a disruptive innovation. For industrial Al
companies, it is necessary to consider the current state of technology development in the
main stream of industry-specific Al convergence, as posited by the analysis results here,
and discover new business creation opportunities in new areas related to Al technology
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Fig.5 Summary of hubs, ties and clusters by the industrial sectors in Al patents

that have not been developed thus far. For Al companies, it is necessary to develop exten-
sible general technologies that can be applied to various industries by considering the main
stream of Al convergence among industries. Commonly required Al technologies for each
industry as found in this study can present insights related to this scalable strategy.

From a policy perspective, it is necessary to establish R&D policies pertaining to Al by
industry with respect to sustainable social development beyond pursing short-term techno-
logical innovations and growth. The results of this study revealed the status of each sector
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regarding Al convergence. While the technological trajectory of the cumulative Al patents
has followed the S-curve over the past two decades and is in the growth stage of the tech-
nology life cycle (TLC), it appears that there is a difference in the level of growth stage
in terms of the industrial sector. In particular, it was confirmed in the results of this study
that industries or technologies directly related to the sustainable development do not stand
out significantly in Al convergence. For instance, despite the fact that environment-related
technology is essential for sustainable growth, the results of this study show that the degree
of convergence of Al and environmental technology is still very low. In addition, previ-
ous study found that AI has had a significant impact on reducing energy consumption and
energy intensity (Liu et al., 2021). However, it appears that the convergence of these sus-
tainable technologies and Al has yet to make notable progress given the current status from
the perspective of industry overall. Therefore, government R&D policies should be sup-
ported to promote the development of sustainable technologies on Al. Previous research
found that enforced environmental policies by governments and subsidies developed to
promote the invention of green technologies significantly increased green patent publica-
tion counts in China (Fujii and Managi, 2018). Comprehensively, governments in each
country should understand the different development statuses with regard to the conver-
gence of Al and various industries and should review R&D strategies considering policies
or subsidies to encourage specific sectors in order to realize sustainable growth.

The limitations of this study and future research suggestions are as follows. First, with
respect to the additional methodological approaches, it is recommended to compare the result
of GMM with other soft clustering algorithm, such as fuzzy modeling and topic modeling.
Second, this study considered Al patents based on three categories of technology: learning
and reasoning, natural language processing, and computer vision. Thus, future studies should
investigate patent data from more various categories and aspects to understand wide range of
Al industry and technology. Third, future studies investigate each industrial sector respectively
with a deep-depth understanding, or consider other industries not covered in this study. Since
this study focuses on the technology and industrial sector with high centrality measure and
strong-tie value, the research on the technology and industrial sector which have low centrality
and tie values, but are still considered importance is necessary. Also, it is meaningful to exam-
ine the background and characteristics on the area where Al convergence occurred low.

Appendices

Appendix A. Distribution of the degree and betweenness centralities
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Appendix B. WIPO IPC-technology concordance table (Schmock 2008)

Area

Field

IPC code

Electrical engineering

Measurement

Chemistry

1 Electrical Machinery, apparatus,
energy

2 Audio-visual technology

3 Telecommunication

Digital Communication

Basic communication processes
Computer technology

IT methods for management
Semiconductors

O 00 N AN L A

Optics

10 Measurement

11 Analysis of biological materials
12 Control

13 Medical technology

14 Organic fine chemistry

15 Biotechnology
16 Pharmaceuticals

17 Macromolecular chemistry, poly-
mers

18 Food chemistry

19 Basic materials chemistry

20 Materials, metallurgy

F21#, HO1B, HO1C, HOIF, HO1G,
HO1H, HO1J, HO1K, HO1M, HOIR,
HOIT, HO2#, HO5B, HOSC, HOSF,
H99Z

GO9F, G09G, G11B, H04N-003,
HO04N-005, HO4N-009, HO4N-013,
HO4N-015, HO4N-017, HO4R,
HO04S, HOSK

GO08C, HO1P, HO1Q, HO4B, HO4H,
HO04J, HO4K, HO4M, HO4N-001,
HO04N-007, HO4N-011, HO4Q

HO4L
HO3#
(G06# not G06Q), G11C, G10L
G06Q
HO1L

G02#, GO3B, GO3C, GO3D, GO3F,
G03G, GO3H, HO1S

GO01B, GO1C, G01D, GOI1F, GO1G,
GO1H, GO1J, GO1K, GO1L, GO1M,
(GOIN not GOIN-033), GO1P,
GOIR, GO1S; GO1V, GO1W, G04#,
G12B, G997

GOIN-033

GO5B, GO5D, GOSF, GO7#, GO8B,
GO08G, G09B, G0O9C, G09D

A61B, A61C, A61D, A61F, A61G,
A61H, A61J, A61L, A61M, A6IN,
HO5G

(CO7B, CO7C, CO7D, COTF, COTH,
C07J, C40B) not A61K, A61K-008,
A61Q

(CO7G, CO7K, C12M, CI2N, C12P,
C12Q, C12R, C12S) not A61K

A61K not A61K-008

CO08B, C08C, COSF, C08G, CO8H,
CO8K, CO8L

AOIH, A21D, A23B, A23C, A23D,
A23F, A23G, A23], A23K, A23L,
C12C, CI2F, C12G, C12H, C12],
C13D, C13F, C13J, C13K

AOIN, AO1P, CO5#, CO6#, C09B,
C09C, CO9F, C09G, CO9H, CO9K,
C09D, C09]J, C10B, C10C, C10F,
C10G, C10H, C10J, C10K, C10L,
C10M, CION, C11B, C11C, C11D,
C99z

CO1#, CO3C, CO4#, C214#, C22#,
B22#
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Area Field IPC code
21 Surface technology, coating BO5C, BO5D, B32#, C23#, C25#,

Mechanical engineering

Other fields

22
23

24

25

26

27

28

29

30

31
32

33
34

35

Micro-structure and nano-technolgy
Chemical engineering

Environmental technology

Handling

Machine tools

Engines, pumps, turbines

Textile and paper machines

Other special machines

Thermal processes and apparatus

Mechanical elements

Transport

Furniture, games

Other consumer goods

Civil engineering

C30#
B81#, B82#

BO01B, B0O1D-000#, BO1D-01##,
B01D-02#4#, BO1D-03##, BO1D-
041, BO1D-043, BO1D-057, BO1D-
059, BO1D-06##, BO1D-07##,
BO1F, BO1J, BOIL, B02C, BO3#,
B04#, BO5B, B06B, BO7#, BO8#,
DO06B, DO6C, DO6L, F25J, F26#,
C14C, HOSH

A62D, B01D-045, BO1D-046,
B01D-047, BO1D-049, BO1D-050,
B01D051, B0O1D-052, BO1D-053,
B09#, B65F, C02#, FOIN, F23G,
F23], GO1T, EO1F-008, A62C

B25J, B65B, B65C, B65D, B65G,
B65H, B66#, B6T#

B21#, B23#, B24#, B26D, B26F,
B27#, B30#, B25B, B25C, B25D,
B25F, B25G, B25H, B26B

FO1B, FO1C, FO1D, FO1K, FOIL,
FO1IM, FO1P, FO2#, FO3#, FO4#,
F23R, G21#, F99Z

A41H, A43D, A46D, C14B, DO1#,
DO02#, D03#, D04B, D04C, D04G,
DO04H, D05#, D06G, DO6H, D06J,
DO06M, DO6P, D06Q, D99Z, B31#,
D214#, B41#

AO01B, AO1C, A01D, AO1F, A01G,
A01J, AO1K, AOIL, AOIM, A21B,
A21C, A22#, A23N, A23P, BO2B,
CI2L, C13C, C13G, C13H, B28#,
B29#, CO3B, C08J, B99Z, F41#,
F424#

F22#, F23B, F23C, F23D, F23H,
F23K, F23L, F23M, F23N, F23Q,
F244#, F25B, F25C, F274#, F28#

F15#, F16#, F17#, GO5G

B60#, B61#, B62#, B63B, B63C,
B63G, B63H, B63J, B64

A4T#, A63#

A24#, A41B, A41C, A41D, A41F,
A41G, A42#, A43B, A43C, Ad4#,
A45#, A46B, A62B, B42#, B43#,
DO04D, DO7#, G10B, G10C, G10D,
G10F, G10G, G10H, G10K, B44#,
B68#, DO6F, DO6N, F25D, A99Z

E02#, EO1B, EO1C, E01D, EO1F-001,
EO01F-003, EO1F-005, EO1F-007,
EO01F-009, EO1F-01#, EOLH, E03#,
E04#, EO5#, EO6#, E21#, E99Z
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Appendix C. Results of DTM (document-term matrix) and LSA (latent semantic
analysis)

Sector Number of patents Number of bigram terms  Number of
LSA-reduced
features

Finance/Mgmt 12,603 30,862 3759

Medical 10,218 24,062 3404

Transport 6426 14,524 2177

Semiconductor 1896 5301 647

Game 1576 4495 522

Biotechnology 2956 8640 837

Appendix D. Top 10 Tie Value in Ego-network

Hub Tie Value Hub Tie Value  Hub Tie Value Hub Tie Value

G06Q- GO6F- 5294 GO06Q- GO6K- 8061 G06Q- GO6K- 7737 GO06Q- GO6K- 1273

010 017 020 009 030 009 040 009
GO6K- 5100 GO6F- 7208 GO6F- 6550 G06Q- 922
009 003 017 020
GO6F- 2404 GO6F- 3223 GO6F- 5832 GO6F- 723
003 017 003 017
G06Q- 2305 G06Q- 2965 G06Q- 2965 GO6F- 440
030 030 020 003
G06Q- 1777 GO6F- 2861 HO4N- 2687 G06Q- 384
050 021 021 030
HO4W- 1112 B41J- 2765 G06Q- 2305 HO4N- 359
004 029 010 021
HO4N- 1074 HO4N- 2761 HO4N- 1805 GO6F- 313
021 001 001 021
GI0L- 1041 HO4N- 2284 G06Q- 1592 G06Q- 289
015 021 050 010
GO6K- 1023 B41J- 1901 GIOL- 1492 HO4N- 197
007 002 015 005
HO4L- 1017 GO6K- 1803 GO6F- 1385 G06Q- 183
029 019 021 050
G06Q- GO6F- 2759 A61B- GO6K- 13,634 A61B- GO6K- 5704 A61B- A61B- 2554
050 017 005 009 006 009 008 005
GO6K- 2417 GO6T- 8952 GO6T- 3817 GO6K- 2272
009 007 007 009
G06Q- 1777 AG61B- 3389 AG61B- 3389 GO6T- 2166
010 006 005 007
G06Q- 1592 GO6F- 3092 GO6T- 1138 A61B- 1099
030 019 011 006
GO6F- 1437 A61B- 2554 A61B- 1099 GO6T- 449
021 008 008 011
GO6F- 1128 GO6F- 2059 GO6T- 889 GO6F- 447
003 003 005 019
A61B- 665 GO6F- 1739 GO6F- 588 GOIR- 305
005 017 019 033
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Hub Tie Value Hub Tie Value  Hub Tie Value Hub Tie Value
GO6F- 649 GO1J- 1631 GOIR- 434 GO6F- 294
019 005 033 017
HO4L- 645 GOIR- 1547 GO6T- 422 GO06T- 273
029 033 001 017
HO4N- 607 HO4N- 1401 GO6T- 342 A61B- 270
021 005 017 034
A61B- GO6K- 2091 A61B- GO6T- 315 B60R- B60ON- 3157 B60R- GO6K- 2666
003 009 017 007 021 002 001 009
A61B- 1344 A61B- 308 GO1S- 2275 B60R- 1122
005 005 015 021
GO6T- 928 GO6K- 306 GO01S- 1705 HO4N- 925
007 009 007 005
GO6F- 475 A61B- 238 B60R- 1698 GO6T- 764
003 018 022 007
GO02B- 386 A61B- 187 GO6K- 1650 HO4N- 756
027 006 009 007
HO4N- 266 A61B- 153 GOI1F- 1368 GO08G- 588
005 034 023 001
AG61F- 260 A61B- 140 GO1S- 1169 B60R- 492
009 008 017 011
A61B- 167 AG6I1F- 115 B60R- 1122 B60N- 483
008 002 001 002
A6IM- 143 A61B- 88 B60R- 1055 B60Q- 420
021 090 016 001
GO6T- 140 A61B- 82 GO01S- 703 GO1S- 346
005 010 013 015
B60N- B60R- 3157 B60W- GO6K- 1723 B60Q- GO6K- 1296 B60W- GO6K- 818
002 021 030 009 001 009 050 009
GO1S- 1043 GO08G- 967 GO8G- 560 GO08G- 584
015 001 001 001
B60R- 844 GO5D- 770 B60R- 420 B60W- 518
022 001 001 030
GO01S- 760 B60W- 731 HO4N- 353 HO4N- 367
007 010 021 021
GO1F- 621 GO06T- 618 F21S- 314 B60W- 362
023 007 041 040
GO01S- 526 B60W- 518 B60R- 311 GO6F- 361
017 050 021 003
GO6K- 507 B60W- 440 HO4N- 272 GO5D- 334
009 040 007 001
B60R- 483 GOIC- 394 GOI1C- 270 GOIC- 315
001 021 021 021
B60R- 479 B60T- 237 GO6F- 243 HO4W- 250
016 007 003 004
GO1S- 309 B60R- 234 HO4W- 217 B60W- 222
013 001 004 010
B60W- GO6K- 832 B60R- B60R- 1055 B60R- HO4N- 557 B60R- GO6K- 1055
040 009 016 021 025 021 011 009
G08G- 646 B60N- 479 GO6K- 490 B60R- 492
001 002 009 001
B60W- 440 GIOL- 409 GO08G- 381 HO4N- 373
030 015 001 005
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Hub Tie Value Hub Tie Value  Hub Tie Value Hub Tie Value
B60W- 362 GO1S- 379 GO6F- 368 GO6T- 350
050 015 003 007
HO4N- 358 GO6K- 302 HO4W- 356 B60R- 308
021 009 004 021
GOIC- 354 GO1S- 299 GOI1C- 317 HO4N- 268
021 007 021 007
GO6F- 331 GO6F- 297 GO6F- 282 GO08G- 243
003 003 021 001
GO5D- 284 B60R- 272 G06Q- 238 B60Q- 170
001 022 030 001
HO4W- 253 HO4N- 240 GO7C- 207 B60W- 146
004 021 005 030
GO6F- 212 GO1C- 231 GO5D- 190 GO1C- 119
021 021 001 021
B60W- B60W- 731 B64C- GO6K- 734 B64D- GO6K- 544 HO1L- HO4N- 2883
010 030 039 009 047 009 027 005
GO6K- 510 GO5D- 438 B64C- 295 HO4L- 1342
009 001 039 012
B60W- 222 B64D- 295 GO5D- 289 HO4N- 1065
050 047 001 007
GO5D- 203 GO6T- 261 GO6T- 214 GO6K- 1045
001 007 007 009
G08G- 200 HO4N- 202 HO4N- 199 HO4W- 854
001 005 005 008
GO6T- 178 G08G- 166 HO4N- 136 HO4M- 738
007 005 007 001
B60W- 143 HO4N- 156 GO08G- 125 HO4L- 734
040 007 005 009
B60R- 116 AOIM- 85 G06Q- 102 HO4W- 706
001 001 010 028
B60T- 87 G06Q- 74 GO6F- 64 HO4W- 676
007 010 017 088
B62D- 87 GO6F- 54 G06Q- 63 HO3M- 628
015 017 050 013
HOIL- GO6K- 1387 HOIL- HOIL- 749 GOIN- GO6K- 3042 Cl12Q- GO6F- 1679
021 009 023 021 033 009 001 019
HOIL- 749 GO6K- 689 GO6F- 2984 GOIN- 963
023 009 019 033
GOIN- 548 HOIL- 176 C12Q- 963 GO6K- 510
021 025 001 009
GO3F- 501 HOIL- 135 GO6F- 934 GOIN- 232
001 027 017 021
GO6T- 359 HO5K- 81 GOIN- 869 GO6T- 190
007 001 021 007
GO1B- 280 GO7F- 72 GO6F- 824 Ci2M- 187
011 007 007 001
GO6T- 223 Gl11B- 63 GO6K- 761 CI2N- 171
001 020 007 015
GO3F- 159 GO6T- 56 GO6T- 715 GOG6F- 164
007 001 007 017
HOIL- 159 A61B- 50 GOIN- 557 GOIN- 110
027 005 015 015
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Hub Tie Value Hub Tie Value  Hub Tie Value Hub Tie Value
GOIR- 136 HO4N- 50 G06Q- 510 GO01J- 90
031 001 030 003
A63F-  GO6K- 3258 A63B- A63B- 444 A63B- A63B- 444 A63B- GO6K- 320
013 009 071 069 069 071 024 009
GO6F- 2155 GO6K- 316 A61B- 329 A61B- 254
003 009 005 005
HO4N- 1734 A61B- 302 GO6K- 282 A63B- 163
021 005 009 071
GO6T- 1136 A63B- 163 GO09B- 144 A63B- 114
007 024 019 069
G06Q- 865 GO6F- 154 GO6F- 131 GO6T- 94
020 003 003 007
HO4N- 861 GO09B- 127 A63B- 114 GO09B- 71
005 019 024 019
GO6F- 739 A63B- 126 A63B- 93 GO6F- 66
017 021 021 003
G06Q- 555 A63F- 87 GO6F- 80 A63F- 64
030 013 001 013
GI10L- 477 GO6F- 85 HO4W- 80 HO4B- 62
015 019 084 001
HO4N- 366 HO4B- 83 B33Y- 79 HO4N- 61
007 001 010 005

@ Springer



437

Scientometrics (2022) 127:407-452

JUAIUOD
SYL09910°0  LuiuIde(g T89ISYSIO0  druond9ry 910€88SCO'0  Oruonddyg STrYe6110°0 S[OIY2A 6L0S90S10°0 [ensiq 91
EVSLILIO0 oseq €rrS0910°0 QAIRIIY 7109¥0L20°0 Rl e | 7686C¢CI0°0 Aypeanig 1L68170910°0 Aynuapy Sl

JUWNO0P JuNUOD
CTSEIILLIOO oSN 88LL6S9T00 pIeD ¥8979¥8C0°0  dMUONIIY E€SELYETTIO0 QjeIaua) 6ST66CLT00 WnIpajNL 14!
QoeyIns
LT8TS8810°0  SuIssad0id 678€86910°0 RELEEN 8LL899870°0 QdepIu] LS88YETI00  Iomdwo) TT8ISH8IN0O pIaoId €l
uoned
€00LLT6TO0 W)y €G9C9ILT00  -Tunwwon $86S9L6C0°0  °AlEdIpUL 67S197C10°0 L) | 6195SC610°0 oseq 4!
1178¢€020°0 nun SOEO0LILTO0 s TTL8YETE0°0 QyedIpuy 7€8LE]TION0 o8] Y9129020°0 wnjeq Il
8L8TIS0OTO0 Kegdsiq LLYTOTLTO0 oseq €EOTIPIE00 Kmuapy 160¥776C10°0  Luruaeq 879T61CTC0°0 QM 01
afew
SISETLITO0 armde) TSEE6810°0 9OIAIRS TrOY8LTE00 jurd 8CI166C10°0 a3essoN 868£¥CTC00 ensiq 6
amydeo
6C8161CC0°0 a3ew] £8S96¥610°0 pIA0Id 8€T6ELLE00 ERLARIN L6CYEOYTO0 [SPOIN CTSLO6LSTOO0 uoneuwrIofup 8
wnyep
T8LOETYTO0 wnjeq 6620660200 90I0A ceresrre00 QyedIpuy 2089STr10°0 Jonpoid GLLO9EITO O wnips|y L
9rS6CerC00 Jonpoiq L96€1€TT00 wnjeq TLLTIISE00  Iemdwo) S69L6TTI00 opIaold SESYLILTO0 a3ed 9
wnjep uon
¥20TLEYCO0 agew] S99¢€1€8C0°0 -BOonUAINY S€02001S0°0 wmnep apoyH COLELYIO0  IowoIsny 9TSI6ITE00 walr S
71866€1€0°0 uoneULIOJU] GCLTSSTIE00 uonoesuel], 886€€¢C0°0 Sursuag S9erE9ST100 s 8L061STE00 Aerdsiq 14
W)
¢SC0SYI¥00 amyde) €9Py19¢e0'0  drnoworyg L9SLTL6SO0 wnmeq £8060%910°0 uonewIOuL LITLITSE00 juauo) €
71¥886L¥0°0 100(q0 9LETT06S0°0  uoneuLIofuy 9t08€8190°0 9poD 90CIESLIO0 osegq 1¥¥ZST0r0°0 Tesn) [
VLCITILLTO o3ew] LTLTETLROO Jesn) SP8Y98LI'Q  IusWNd0qQ 68LC1C6C0°0 wnyeq Y6LLEROT O juauo) I

AdQI-4L uesy promAay] AQI-4L uesy promAay AdI-JL ueaN promAay AdI-JL uesN plomAay AdI-4L Uy promAay

 19)sn|D € 1I8n[D Z I9sn)D [ 19snD glasn)  yuey

(1Y pue a>ueul4) sanjea {dj-41 pue spiom£3) Jo syjnsay ‘3 xipuaddy

pringer

As



Scientometrics (2022) 127:407-452

438

9ETPFITIO 0 S[IIYA 1192651100 Sumuialed SE6S9TLIO0 1onpoid 9%$7$600°0 §800014 T100¥8110°0 [eustg 0¢

$19899210°0 uoisoy €/9899110°0  Jandwo) 88L1SSLI00  uondTIu] L8081L600°0  o3ensue] TSLTTOTIO 0 werD 6C

6LY61LT10°0 ameaq 6926512100 YIoMIoN SP6S8I0°0  dAndRION] 6£S120010°0 RUCTY: | 90¥0£0T10°0 os) 8T

juauwr

S9€690€10°0 §89001d 9P6LLITIO0  [eUNLIAL €08108810°0  odsuer], 991122010°0 201AIRS 6S¥9TTCIO0  -9SNIAPY LT

L6S98TETO0 puodog 6210022100 §5000V/ 678569610°0 ogew] LE699¥0T0°0 Kerdsiq YSOPPCTIO0  euIwIale( 9T
JUSWI[D

86EV1TEI00 [eIIPIN 8¥LT8TTIO0  9dBJIAI] $699SL610°0  PADORIIU] LI86£S010°0 puodeg 9GL6SETIO0  IOMION ST

£6£6SLETO0 eIowe) 9L¥S0ETIO0  IudwAed ¥81116610°0 s TLTS80100 1090 T9S€99T10°0 ) T
wor

9LS9S8ET0°0  UONIUS000y P8I66ETIO0  AEIOSSY £06579120°0 1onpod 17€810110°0 el YITH99210°0 opny €

€6681¥110°0 101§ SSSPSLET00  uoneorddy 10959120°0 JUSWA SEOPTHI10°0 aury, 806599210°0 CINGREN | (44

e

8685081070 [ensiq TIELLLETOO nduy 89L6897C0°0 UonEULIOJU] 99€SEVIT00 gl 8L9OLLTIO0 ToAIdg 1T
QAIIBDIpUL

800SEFST00 osn 120S9t#10°0 puodag ¥8S¥69720°0 wne( 86TLSYITO0  QIBIOSSY 989S8EET0°0  BIpAWNA 0T

66978SST0°0 Aynuoapy T9Er86¥10°0 RICHA SEF6EFETO0 osuag SOSESYITO0 CINCREN £900S8€T10°0  3ed qom 61

uon
€€1819S10°0 [ensiq 9SSSSTISTIO0  -eoynuap] LTTYYSETO'0 o T8801S110°0 Aynuopy T6T68£10°0 1sonbay 81
168189S10°0 Anenig 90SLLESTO0 15anbay €SPITLETO0 asn ¥82T99110°0 1S 8YEETHPIO0  QeIouan L1
AAI-ALUBSIN  pIOMASY  JAI-ALUBSIN  pIOMASY  JAIdLUBSIN  pIomASy  JAI-ALUBSN  pIomASY  JAI-JLUBSN  plromAay
[2EINI 9] ¢ Isn) T @™isn) [ ™Isn) o IPIsn)  uey

pringer

A s



439

Scientometrics (2022) 127:407-452

8LLITISTO0 osed  C8TYI8YCO0 90In0g 1190606200 I 168997910°0  2mboy  77G8TSSI00 AMIYUOD  8€6565620°0 wned 4!
[euorts uon qutw
6CCII8SI00  -UdWId  LT6TS90£0°0 Wa[q0  6THOEE0E0'0 1ReT  6POLPYOT0'0  -BWIOfU]  99180LI00 199 62T8S8TEN’0  PINSYUo) 11
uon
-onns
L6S6V1910°0 onssLL  Z8EECI6£0°0 -U0d9y  6€1L090€0°0  92MmOS  [ZTCOIE8I00 oN[eA  CIETPSLIO0 oSl  IS9CLSEE00 uorsoy 01
Sur a3y
6LLOTOLTO0  TBSIPIINL LZ998LOV0'0 1D 909€II€0°0 2Pondd  9L0001610°0  -SS990Id  $6CTOLLIO0  [0MUOD  TTY668E0°0  -UOd3tuf) 6
jonns 90IN0S
979960L10°0 [OPOIN  SLTYSTV0'0 -UOd9Y  [#STLETEDO WSIT  86TLLIOTO0  Aedsid  $06€LT810°0 osed  8LEISLYO0  Aepdsiq 8
ofewy uon
LSTEL6LIO0  WR[Q0  15L89SSH0°0 Ked  1€59015€0°0 ofew] Ge8TESICO0  mded 8179761070 juoned  T19¢#9160°0  -ewIojuf L
wnyep Sur
uon uon -ssoo01d
9Tre9T610°0  udned  89+0116¥0°0 -0ofold  S1886TSE00 109[qQ0  8TIOEKETO'0  PUOIDS  6L99610T0°0  -PWIONU  64L1SL90°0 ogew 9
a3ewr
uon a3ewr
90STLS610°0  SutSew] [¢/8¢S6+0°0 -oofold  8GHSI6LED' QD PBJINS  8SEL9LETO0 109[q0  $HE9TTIT00 10SUSS  6L6€€SL90°0  [BIIPIN S
¥16L9020°0 81 [8S¥S86¥0°0 wed  LZ090750°0 I3UL] 99905200 [9XId  LLS9SYIT0'0 okg SLSY890°0  TeSIPIN 14
Sur
8YTTLTTO0  UOISY  [0TSILI600 aew]  9y880FHS00 losueS  €68LC9C00  wmed  €9L69%¥C0'0 wmeq  9€€e€c080'0  -SS9%01d €
jurd wnjep
PPOSI8LCO'0  wmed  68L69CLOT'0 Keq  GT87P060°0 10Ul $8I9THLT00 aew] 667505700 [eu3IS  $10069901°0 nun (4
uon
9P¥681250°0 oew] TI9L6C611°0  -o0foid  6TEE8STON0 W3IT  6LTISY6YT0 alew]  $69995t¥0°0 Bs1  6£0€€8CI0 aSew I
4d1 AdI 4d1 4d1 4d1
AQI-4L ues]  plomAay -1L UBS]N  plomAy -L UBQIN  pIomAy] -JL Ueo]N  plomAoy -1L UBS]A  pIomAY] -L UBQIN  PIOMAQSY]
G Iosn[D 190D € Iasn[) Z 180D [ 180D 0 Iasn)  yuey

(¥ pue [ed1p3ay) sanjea 4q|-41 pue spiomAa) jo synsay 4 xipuaddy

pringer

As



Scientometrics (2022) 127:407-452

440

wnyep agewr
GTLEBETTO0 ofew] [096LT8I00  WBIIIY  68SEOELI00  PUOMDS  G99GTHEIQ'0  PU0dds  €ZSTISTIN0 SWIL  ¥€60£6S10°0 joeNXyg 94
wnjep
60097 110°0 2Imonng  SI16ESY8I0°0 ofew]  €6//€GL10°0 okg  8TSHEIN0  109lQnS  €SH6Y8TIN0 nduy  GyGETI910°0  SIsouserq ¥C
2109
YC8YILITO0  AJNUOPL  $TEVEL8I00 Apog  G£6809L10°0 Ny 2061CLETO0 91 $9ECI0EI00  BIWED  TCAICI910°0 By 4
amye
-1odwoy Qoue)
989T96110°0 uonisod HCey6L810°0 210D $H9SHS8I00  -PedeD  [[L968€10°0 9eIOUSD  €8ITITEI00 y2ads 8795699100  Anmor) (44
6SL56€C10°0 onEA  [+690€610°0 ndwo)  £69068810°0  SulsUSS  LTETIIHIO0  UBIAO  96969TE100 uosioad  86S¥86910°0  UONISOd 1c
[enpra
86VSYYCI00  PUOIRS  SOPEVE6IN0 (1 T€0SSY610°0 Kelry  p6pEETyI00  Suldew]  7G980FE10°0 -IPUl  8TLEY9LIOO  9FeIONS 0C
SIS Surssoo
-oyuk -oxd
COISI6TIO0 QrIUD 6668656100  -SOWOL  €90CLY610'0  WoNed  8.8SHCy10°0 a3ew]  661019€10°0 191ed 9S1€€T810°0 puod9§ 6l
Aydex
9788T6CIO0  OPIAOIL  G89ITL6IO0  -SOWOL  €€/TEIOTO0  WeIo)  §SIHSSHI00 osed  €00996£10°0  109lans  6STTEI6IN0  QMeIoUeD 81
oIy uon
9S¥9S6TI00  WNOA  TTISTLOTO'0 -eodwor,  L1T1620T0°0 -BWION]  L9€€96+10°0 owery $E6v66£10°0  Aedsia  L0STS0020°0 ureiqo L1
L8TIL6CI00 wiod  gSHES60T0'0  SuiSew]  £TO6TSOTO0  IUOWR[H  GLI966¥I00  UOISY  LT8YS8FI00 IS [0687CIT00  Qamboy 91
aFewr I0SU9S o3ewr
jonns jurd Sur
¥80160¥10°0 1S €TCTEBITO0 U029y 9€T96L0C0°0  -1OBULL  6¥6T6EST00  ANeInid  L86086¥10°0  OPIAOIJ  G8%909ETO'0  -SSA00I] ST
wnjep
906€8SPI0’0  IMEd]  8LEYPSTTO0  AeIU)  TOYL09TTO0  mde)  €0SH8ST100 SUT  8CPOLISIO0  9AIRY  6¥CEELYCO0 aSew i4!
urw uoneo
CLI6Y6Y100 -Ioed G886VCHCO’0  101991d  TEE669¥C0'0  -UhUSpPl  S6L16S10°0 ©S  $TLOSTSTO0 dmeworg  80EyS9ST0'0  Aienid €l
4dI 4dI 4d1 4dI 4d1
AQI-4L Ues]y  plomAay -1L UBS]A  pIomAay - L UBQIN  pIomAdY] -JL U plomAy -IL UBS]A  pIomAdY] -L UBQIN  PIOMASY
[ eiNilg) 180D € 1018n[D 7 198D T 19I80]D 0 IoIsn)  yuey

pringer

A s



44

Scientometrics (2022) 127:407-452

a3ewr
Q0IN0S Qurely oydess
6779980100 ANeInid  $95066L10°0  [BUIIXH  98901€ST0'0  UODISOd  €/LLGLSTT00 ofew]  966£0110°0 9suodsoy  9/9/0S#10°0 -owog, 0¢
eu
-191X0
Juow quTw
¥562¥6010°0 ueds  €109CC810°0 -2INSBIN  9L0EL6ST00 MM TTI9608110°0 -91ed $695€CII00 w o 810CI8yI00  Suisew] 6C
Anmo
jutod uon [es13010 -110 Sur
vSTTTTl1o0  Aedsia  €109¢810°0 INOS  TCI0EY9I0'0  uoniod  88E£0SCIO'0 “Blpey  CovvyCl10'0 -1sAud  TTETHOYIOQ  -SS9901d 8¢
Aydex
uon -Sowoy
T966LTITO0 -ewIojul  £96/€7810°0 ndwo)  986L15910°0 WIod  9g0ECICI0’0  uondes  €eSyL0TI00 MIOA  GSCI9ISIO0 uonossg Lt
juow
TIOZ8ETT00  109[QnS  $0PSLTRTIO0 -2MSEIN  [H8FOILI00 Mensqng  [G8ISEETO0 SS90 STOFIITIOQ 10SS00Id  £6698€ST00 oseq 9C
4dI AdI 4d1 4dI 4d1
AQI-4L Ued]A  plomAay -IL UBS]A  pIomAay - L UBQIN  pIomAdy] -JL U plomAy -IL UBS]A  pIOmAdY] -L UBSIN  PIOMASY
G 1018n[D 180D € 1018N[D rAciNie) T 190D 0 IoISn)  yuey

pringer

As



407-452

Scientometrics (2022) 127

442

Kre
-punoq armdes
80¥LY9T0°0 QUET  $96659610°0 ofew]  7GG8I00TO'0  OUMUINOQ  THH68C0Z00 oseqd  LOLISTLIO0 wmeq  [EpSEIYI00 BAIY - €5S99€€T0°0 1081, 91
LLEOEELTO0  TOoNUOD  G9¥BLI6TN'0 10SSa%01d  8LS6910T0°0 eIOWED  6F896TICO'0  SUALQ  $960SLIO0 QUIWINQ  60ET6YYI00 wn - 186L0S€20°0  wred 1S ST
EIRIUEIN
8L90€0620°0 MEIN 6LL6L8610°0 BAIY  $€9TT60C0°0 puod?s  1159¥6120°0 IALQ 9SFS06LT0°0 Kerdsiq 1602284100 O9PIA  8E€8TLOYTO0 elowe) 14!
IOALIP
TE9T11620°0 191d ¥P9r9SET0’0  PUORS  9¥6110120°0 BAIY  LT8I89CTTO0  PPMPA  L60¥96L10°0 wdur  L0€076710°0 1919d TSYT6ELTO'0  uonedo] €l
9962026200 W €TSL0EYTO0 Sursseo01d  698TTTTO'0 29IMOS WYSIT  H60TT6CCO0 dUIIRA  §/8GEY6T0°0 UONIUS003Y  L9EFSLITO0 eIROWED  6C16CEIE00  2Imonng 4!
INIdd
60LETTOTO'0 SHEIN 2UBT  [SHTRILTO0  [0DUOD  9¢p8THTTO'Q UONBWLION]  91TETLETO'0 -YIONIA  1S68+¥0120°0 osed  ¢E€TLYILI00 uonewlojul  $0ISTIEE00 Surpue] 17
oewr
96L0TH620°0 QUL [PARLL,  6€7LFE6C0'0  2mmde)  96.570€T00 0IN0S  ST1E066£C0°0 ofew €EIEIICZO0  Puewwo)y  LOEOLLIOO osed  8EL6TreEE0’0 aFewy 01
T¥LI9TOE0'0 ATepunog  Ge/£65€£0°0 nwin - 61L¥97920°0 uorsay  1809L0+20°0 nun TL8BL6TTOO oads  TTLS6LTO0 9S[1  ¥S9SEIEECO'0 ABN J[OIYIA 6
Qoue)
uon -SISse
°0TTrsee0’0 peod  L69LY8E0'0 wnge  [L601CLTO0-9919p 199[qQ0  8¥290£HT0°0 IPAUQ L0896EVTO0 nuny SETYTO810'0  dureg  L80SLOSEO00 wmeq 8
wnjep
LT€6965€0°0 a3ew]  8¥STTE0Y0 0 afew]  767695££0°0 19Ra 81T69STO'0 9zeD  SOISYIYC0 0 snowouomy  L£90€¥810°0 uonisod - 62L9668¥0°0 SIIYRA L
9PS6LYIFO'0  OBUBYD  TTRIEITHO0 MIIA  T6LETIVEO0 nun - 8ITY868TO'0 dOUBISISSY  LIE0LTLTO0 MIOA  6LYP10610°0 [eusIs  60TIPFS00 W31 9
a3ueyo [eLIoR
690L1ESY0'0 sueT  661%T6v0'0  2Imded  g90TOTOPO'0  UONOANRA  TES6SE0£00 IS 9E8LBEECO'0 UonewLIONU]  £086TCETO0 wmeq  760909911°0 pouuewufy S
1821€T9%0°0 [PABIL  LOOEIIT90'0  BIOWE)  €0068CH0°0 SIPIY2A  LOTOTLLEDO OALId  6169T8Y€0°0 Sunped  997990$20°0  wednddQ  L9EELSHEI)  pouUBWU( 14
uon EIRIIEN
9ITSLLESOO QUIT TOEYL6690'0  PPPIUPA  65908L8S0°0 ofew  68STE6E0'0  -BUWLIONUL  €EHTTTIE00 98] TL1198820°0 Iosuag  €661TSTYI0 [BLIOY €
€LOVS6TLO0  PPIRA  STZOOILLOO  Aeldsid  1868L6¥90°0 WBIT 9EL18S8S0°0  PPMOA  607166L70°0 [onuoy  9¥T6Cc0L0’0 aBewW[ 89199510 Ae() 4
6616T66LT0 ueT  €68CTIVEI0 oew]  G698€T9ST°0 102[q0  $0S60+091°0 AU €901S1960°0 SPIYPA $6T9S01€0°0 OPIYPA  €ETLTYOSTO [BLIOY !
AQI-AL UeSN  PIOMASY JI-AL UBSIN PIomASY JAI-JL UBSIN  PIOMASY AQI-AL UBSIN pIomAoy JAI-AL UeSIN  promAoy JQI-JLUBSIN  PIOMASY JAI-AL UedN  piomAay
9 1938 G 1)sn[D)  I0ISN[D) € 1sn[D) 2551} I 19380 0Iasn[)  uey

(Iv pue y1odsues] ) sanjea 4qj-41 pue spiomAay jo syjnsay o xipuaddy

pringer

Qs



443

407-452

Scientometrics (2022) 127

uon

797959810°0 wmedq  [Z29L91S10°0 pPeoy  798€S9€10°0 dUeISI  €99LYTIT00 MRV [SOT86LT0°0 -eotunuwon  86£€E8110°0 QoeJINg  968L0SLI00  PINSyuoD 0¢
[oAen EIRIGEIN
6996CI610°0  °PPMPA  +8ITITSIO0  SS990Id  TLIS8LEIO0 wmed  €6£9¢¥910°0  uonemq@  99ZyEIYI00 100N 12L6TSTIO0 peoyd  8I0I9SLI00 ey 6C
€2200L610°0 2muredod  SELS8YSTO0 AL 800SET¥I00 SRl L9L189910°0 UOBdRIQ  6£978EYT00 191d  $#609SST10°0 Aemid  $65865L10°0 doyooy 8T
8¥8L96610°0 osed  86TSELSTO0 Ty 9G/8LTPI0°0 IUSIOWRLL  1€889910°0  IONUON  €L01€8F10°0 010N ¥6TS9STI00 QAIY  #90¥66L10°0 QALY LT
£€899870C0°02ue[19932d  8LLO6VLSTO0 9Rd £T08TYI00 9801 9€0ITLIT00 kg LLSSS8YI00 QALY L601T9CTT10°0 aImes  [S9LLT8T00 amde) 9
L8€TB60CO'0  uonisod +£¢c06S10°0 UOISIA  8%0€8SY10°0 [0NU0)  7ZO6T8910°02MeIs AL 6682€0S10°0  uonernd)  $€$SL9Z10°0 onfeA  LO1120610°0 ped 4
869S€L1T00 wurod  29¢0€1910°0 102040 SESSTLPT0°019919p 109[q0  TO¥SLE9T00 HOVd  8SE8THS10°0 losuag S90€10°0 Jeag  8TOIYT610°0 Nl e
Sur
890¥60CC0°0 ~rew aueT 9[[SHTI10°0 UoI3ay  6TT6EGYI00 [rUOISUOWI  888T0LI00 e  TTTEEYSIO0 opiaold  9€0801E10°0  2MBYUOD  $REYYEGT0’0 UOTBILIONU] €C
P69TLLTTO0 PUIWINRA  $L87069T0°0  SUISEW]  GE€669S10°0 amde)  6£9/9TLT0°0 MOUD W8S LTLEO9TO'0  IO[IONUOD  $SISTIETIO0  UONOA_A  8SETLIGTO0 [onuoy (44
uor QOIYA
T01S00€C0'0  -euuojur  6SHELILIO0 O3PIA  FI6IVLSIO0 WSIeL,  TGO98ILIO0  OPIAOId  618T6I910°0 SIOWOUOINY  90P6TEIN0 Jelddly 8788910200 losuag 1c
jjeIoITe
SLIOOPETO'0 PZIUBOY  HEISTYLIO Q) MIIA PP $TIITOLIO 0 osed  I¥EYSE8IN0 wmed  ¢60¥8¢910°0 [eUSIS  [S068EE10°0 utod  6168591C0°0 pauuewufy 0C
aue| [01u0d
LLTL8SETO'0  SIPILA  SOP9E8LIN0 PRI 6TSTESLIOO uonsod  99L16S610°0 2mM3Yuod  §L090¥910°0 SPIYA  LTE6YYETO0 dpraold - TOLYYSTTO0 100[q0 61
Sur
-ssoooxd
9617€1970°0  SUDMRIN GL0LSESTO0 afew]  L00E06L10°0399[q0 19210 §9TE000TO'0  IOIABYRY  LLS609910°0  dInSyuo) 6856€10°0 [onuo)  GOYL8I€TO'0  uondadsug 81
18S99€970°0 OUI[ QUBT L/6S6810°0 2MIYUOD  £6€089810°0  2MBYUOD  $898TOTO'0 191d 65€00CTLIO0 QAL TESSEOYIN0 puoddg  80SYTETO0 8N Ll
AAI-L U] PIOMASY JI-dL UBS]N PIOMAY JdI-AL UBIN  PIOMAY JAI-AL UeS]N PIOMASY JQI-dL U pIomAdy AdI-JL UBN  pIomASY JAI-AL UBSN  plomAdy|
[R&iNe) G IoIsnD 198N € IoisnD 4 Nilie) [ 1938N[D) o Iasn)  uey

pringer

As



Scientometrics (2022) 127:407-452

444

r659920°0 ped 9¥08L8820°0 uonsaep §SL6T81E00 osodsiq 9101$9€20°0  2msodxyg ISTIZ8LI00 Toke] L1
aewr

€IETITre0’0 ap 86C0LT6C0°0 douaI”fal 9LSYIEE0'0 UONUS009y 801LELETO0 In[eA 102820810°0 ndino 91

1ELYEVEDO 01 L6L1T80£0°0 jun YTresree00 nn 810066£C0°0 uoidoy CCE90T810°0  uonewLIOjU] Sl

[L9STLSE00 puod9s §SLES60£0°0 onfea 99CSPEYE00 Suisuag Y16£81¥C0°0 109dsug STLLS6810°0 nun 4!

AT
6998L66€0°0  -onpuod YLET69CE0'(  UONBOYISSB[O 80SEI89€0°0  2PONI9Y L20STeye0’0 8N 8L819¢610°0 aury €l
JIojonp
G8C9SLLEOO Loy L166¥2£E0°0 9ouaIRja1 $655L6€0°0 [ox1d [4%33012 3 74)0] 109[q0 88196¢610°0 -uodIuag 4!
1010Np

1S¥LS00¥0°0  SImonns 20691¥¥£0°0 1ofem L8TESITYO0 [eondo LSOS0TST00  -uoorueg €8LLE80CO0 wsr 11
uonodadsur

S000¥C0S0°0  °yensqns 89L¥L9€0°0 109)9p CLTTZ8Y70°0 losuag CEYLEYSTO0 23pg 8¥6¥0120°0 densqng 01

Qrep [oued

9¥$8LLTSO0  9Feyoed PSOTIS8E00  -TPUBD 109)9p TT9SEEST00 Kedsiq LILTTI9C00 9ouaidjoy TTsTTOL00 wneq 6
uonoadsur

LLLSTEYSO'0  9pOnd3[d LE8L868E00 usaned YI12E6570°0 dlensqng 1€620€920°0 puodsg ¢TT0sye00 puod’g 8

ISLEVYSSO0 Sursuas 8699120%0°0 SepIpued L9TY08€S0°0 [Pued S€00er0€0'0  uonisod SSeIv19¢00 juswary L

BONIEN

70$L606S0°0 turidiosuy 656C89LY0°0 199)9p 88¢¥10090°0 Toke 77$6L89€0°0  uondadsuy £9€6698¢0°0 Keiry 9

819€66590°0 digo 98LT9LTS00 j0adsur PETILIEO0'0 MW y3I] 89968€1¥0°0 ASeN [L5605620°0 losuag S

$89¢L8990°0 QoejIns 8€0ICI800 uraned T01€$8890°0  Iuridiogury SSE9I8LYO0 wneq 20¥7¥810€0°0 agewy 14

6671858,0°0 uridiosuy YELLESETTO a3ewt L6Tr6£690°0 g 81STEI8Y00 1ofe M\ L68€0E0°0 JN0ID €

L6TEILT600 Tokey €808600C1'0  uondadsut LS66E1CCT0 Kerdsiq ¥9618C€80°0 aZewy 689916€0°0 [oXid [4

CSL658960°0 Jlosuss 10608+705C°0 Jo059p 190¥81LY1°0 wsry 989¢CI1801°0 urned 26ST0LYY0°0 [eusts [

AQI-AL Ued]N  pIomAy] AdI-AL Ues]\ promAay] AAI-AL Ues]n pIOMADY] AQI-4L Ued]  plomAoy AAI-4L uesy promAay|
 19I1Sn[D € IIsnyD Z 18n[D RN o) gIsn)  yuey

(1Y pue 1032npuodIWS) sanjeA 4d|-41 pue spaomAay| o synsay ‘H xipuaddy

pringer

A s



445

Scientometrics (2022) 127:407-452

Iojonp 10979p 90In0S
960690C0°0  -UodIWLS 68169120°0 uned LTS60TST00 WSy I8TLYSLIO0  9e[more) S8ETYRETN0 [ICe] 0¢
6L£091120°0 areld 9VLITLICO0 s 9SLEYTSTO0 92Inog €L08€E]T0°0 LuiuIdeg 19€8%8¢€10°0 w0 6C
IoKe| 108
Y6¥8STITO'0 ORI 10061€220°0 aredwopn LTILLESTOO PaIO SIY9¥¥810°0 191 6CTL68ET00  -Uds agew] 8¢C
AT juowt
LEEITSTICO0  [BHRIBIN 78919¢7C0°0 urelqo 61TLYYPSCO'0  -Isuasooyd 9TYE9Y8I0°0  -oInSBIN 1L¥S6Tr10°0 opIaold LT
¥9CL99120°0 1o3urg 90€TY6TC0'0  uonewIojuf 1L6¥19920°0 uor3oy $200€16100  Anemig EVISOSY10°0 QI3yuo) 9T
uon
oFeun -BOYnUIpI uon
820S6L1TO0 asodsiq S¥$867C0°0 uonoadsuy LLO619920°0 Iuridrogury 6809L2610°0 -03110D) 8¥86L9%10°0 Suisueg ST
Sur
€2C08120°0 ruOH €e1T6CeT00 uonrpuoy 671CTLLITO0 juauey 70€8C610°0  -SS9%0I1d LLETB6YTO0 $§30014 ¥
8C0EILTTO0 19A0D) 6STSTHFT0'0  109)op dFew] €69S€1LT0°0 Kerry 9L8668610°0 udisaq 8G791SS10°0  Sulssadoig €T
Areo uonIpuod W31
9666967200 11991 80LETEIT00 uonoadsuy LOTLOLLTO0 oesiQ 659970700 un LEOYE]STO0 uonosarReq T
uon
6€1¥LTECO0 uonIoq 61L£8Y9T0°0 wnyeq 69LS1+¥8C0°0  -edynuap| L86T9LTTO0 reando 996179100 [ouueyn 1T
JTewrn
9GL9TEPTO’0  dMdRIQ CTT8LBLITO0 19)d SI1SS820°0 Ayrenig 8LYEEETTO0 §89201d ELBTTILIOO [onuon 0¢
TS6T8YYCO’0  19duu0) €2C198970°0 Sdweg YE¥8886C0°0 ouesIQ 6819LCT0°0 ureqo 1296TCL10°0 s 61
uon
uon -1u80931
9T€0¥970°0 -ouu0d 691008LC0°0  19°J3p 19939p T66v200€0°0  Jutdrogury 9€€0Crec0’0  oInSeI]N S99€0LLTO0 100(q0 81
AQI-dL Ues]N  plomAay AQI-AL uesN pIomAay AQI-AL uesN pIomAY] AQI-4L Ues]N  plomAay AQI-4L Uy promAay
y 19980]D € 1018N[D AcNie) [ 180D Q1SN uey

pringer

As



Scientometrics (2022) 127:407-452

446

Juow
-3ne
[eNSp [enpra 12
¥6016£820°0 wdod@  L€91L$8T0°0 N TYLY8Y8YI'0  SS990Id  899670880°0 -Ipul - 9802602200 oSl SP9TTISE00  -OrIRYD 01
$S9008 juow puewt
86SELSIE00  BIRWED  LEITL06C0°0  UOBORS 161167170 oS TTESKST60'0  Aedsid  8209T1€20°0 “OAON 60STLSE00 oy 6
ssao01d
uoned [opowr uon
€9L99LY€0°0 JIOO  8198.97€0°0  Aeldsia  6881+L6VI0  -UDUSPL  THETLLIGO0 PHOM  LL6E6SSCO'0 -BULIOMI]  6S1056£0°0 nduy 8
89LS6L£0°0 1okeld  9LL$967€0'0  emmded  £/$8080ST°0 ofew] THETLLIGO'0 QIqeSSBd  pEEYE9TO0  ANMAIDY  6848T90¥0°0  [0NUOD L
uoneo
-gnuspt pHoMm
65S8EY8E0'0  2IMSAD  ¢1T091SE00 109[Q0  1066L60ST°0  2Imded  THETLLIGO'0  OIqessed  LTLOSLEEO'0 uaAg  S911001¥0°0 1090y 9
ssaIppe
uon uon
£EvL896£0°0 1S 8Y0L068E0°0 -BWIOHIL  H#68ST9ICT'0  -BWIOHIL  LTLLLYETTO PHOM  8P8LILIEO'0 oSIIOXH  $ITCSLCHO0  yoeeds S
puods
Sur -91100 Kerdsip
SS1€0¥0°0 ofewl] [€680£0Y0°0 -SSe00Id  H68SI9IST'0  SSAIPPY  960ST61TI0 Areay  889910S¥0°0  I0SUeS  TI¥899€40°0 punog 14
uon
L20861950°0 10[q0  T0SLETOSO0 o0BJ  G69080TSI0  -BWIONU[ [6EESTEITO IudwWSNY  TIHOL8K0'0  UOUON  99€€LE9H00 orpny €
Kyrear
610562650°0 O9PIA  $S9909611°0 PIED  GT6009LLI'0  2mmde)  61SS6£STT0 UAWSNY  €90LL8SSO0  WMEA  LI6HTTOSO0 [eustg C
1¥765T78L90°0 swed  L998S61LT0 ofew  [18898¢H 0 10[Q0  €61ESHTETO Aeay  €61L26950°0 1981 89€9€9080°0 9OIOA 1
4d1 4d1 4d1 4d1 4d1
AdQI-JL Ued]N  pIomASy -L UeQ]A  promAay] -L UBQIN  PIOmADY] -L UBQJN  PIOmADY] -L U pIomADY] -1 UBS]N  pIomAQy]
G 180D $ 19)sN[D ¢ Iasn[) 7 1sn)) [ 199sn[D 0 Iasn)  yuey

(Iv pue swen) sanjea 4gj-41 pue spiom£ay jo synsay °| xipuaddy

pringer

A s



447

Scientometrics (2022) 127:407-452

ouRW Sur
LLT99TIC00  °plAGId  898TTHCTO'0  UONISOd  [69906SY1°0 IuaunIled  699T€0Ey0°0 Teueld 99L¥96910°0  ~I0jIed  €691LLOTO0  -SS990I1d 6l
opmng
199[qo -oABM
6Tr65STc0’0  ommded  GL10L9TT00  UOISRY  TEEO009VI0  emmded  TSEL9ERP00 Teueld COSSSILIO0 Apod  6001LSITO0 SBIUSD 81
uon
uon -BoIu
€ECIPCec0’0  -euojup 192800 wmeq  CE6CLIOVI0  SSAIPPY  L989SLYYO'0 wmeq  LLILTO8T00 SeL 90ISITC00  -nwwo) Ll
aziu
-3ooar
Ter9Te00 osed  6881CeC00 s LTTES99¥1°0 1090 7966020500 osudwo)  [90€SS8T100  SISA[BUY  91686LTTO0  ABESSON 91
Surssao qenur
-oxd uon
S6119€C0°0  uonisod  y¢STH8YT0°0 oewr] LEGGOILPI'0  -RWIONU]  TTOEY0190'0 ssed  GC991L810°0 KoL Sy0ETHITO0 wnmeq Sl
uon
-eoTunw
urw -wod [enpra
$2L006520°0 -19ed €£6£56520°0 BAIY  LECCSOTLYTO geniy - 6%91¢9290°0 -IPUL  TOT6EE610°0  OWRIWIY  €9911620°0  nding 14!
Surssao
-oxd
uon 103[qo
16L952920°0 9S[1  C9€9LL9T0°0 -BWIOIU]  LECCOILYI'0 IudubIed  T1L9EE900 [9POIN 9LLI¥9610°0 osed  vEYPYCC6C0'0 nupn €l
Juou
-n1ad
uonedru opm3
6CSY0S9C0°0  [eMMIIA €8C0T8LTO0 1091 LESSOILYI'0  -nwwo]y  9[EL61SLO0 -OABM  TI801V6610°0  °PIAOId  GT8LLEEEO'0 e Cl
aseq
o3ewr -eJRp wnjep uon
9620t9970°0 Ied  £2998¢8¢0°0  omde)  GO9TSYLYT0 109[Q0  T61596580°0 [SPOIN T0911L0OC0°0 nan - TLTBSSE0'0  -ewIojup It
4d1 4d1 4d1 4d1 4dI
AdI-JL UeS]N  pIomASy -] L UBQIA  promAay -L UBQJA  pIOMADY] -JL UBQJA  PIOMADY] -JL UBQIA  pIomAY] -IL UBS]N  pIomAdy]
G 10980D $ 19ISN]D € 109801D [N} 1 19ISN[D 0 IoIsn)  yuey

pringer

As



Scientometrics (2022) 127:407-452

448

uon

¥80TCTLIO0  ANEInid  L09969910°0 1SS LI9LYSHEL'0 [ENSId  96€L87LE0O ofew]  §TEyT0SI0°0 -edoNddy  7LS19€910°0  dpraoid 0¢
109[qo juowr
19nd puods -3ne quoyd
Y89TELLIO0 -woy  [LLEGYLIOO jurod  yLL8TY8ET0 -oII0D  9PI6ELLEO'O Aread  14€p80510°0  2rdwexg  €90¥10L10°0 -~OISIA 6C
199[qo Qurw uon
978686L10°0 Keld  161€50810°0 PWH  9¢6CI6£1°0 ofew]  £66T68LE0 0 wutod  €LS8evS10°0 ~199d ¥S6LSTLIO0 -e10dQ 8¢
16898¢810°0 AoeIL €68SHCRIN'0 9eIdUID  TTOHRILOYI'O aeniu] - 8896068¢0°0  dewriog  7OSEESSI0'0 1ods  €2T00LLIO0 BNl Le
uonew
-Tojuy pHoMm uones
819L09810°0 wmeq  86¥S97810°0  mboy  8ET660FI0  oseqeied 8800 16£0°0 [eod  €0L98SST10°0 eLUD  9¢4900810°0  ~IeAuo) 9C
100[qo jurod aIn uon
€LPST0610°0  AB[ASIA  $L€9T€8T0°0  PUORS  HH9FI9IHI’0  Aremid  1#$81T0¥0°0 deNy  £1TT11910°0  -Syuod  TI6TET8I00 -TuS000y 4
asn pajusw
89L8C1610°0  PUORS  6¥L981610°0 osed  6901C9¢r1'0 walqo £€820¥0°0 -3y pE6891910°0  OZARUY  T9E800610°0  AII0Y 14
armdes
9%92S610°0 qnd - 88¥108610°0 WBS  ESYISLYYTO 102[qQ0  $281€LOY00 1S 8L00TE910°0 wly  ZTI611610°0 18] €C
An
-Teanid
oziu 108
G8CSEB6I00 UONedOT  H96LCCIT0’0  BIWED  $98888YY1°0 =309y THLTHOIF0'0 W[Q0  LvPL6¥9T0'0  -S201d 1126976100 ereqg (44
uonew
wnjep -IoJur
661170200  10nU0)  LyC0r0TC0'0 ofew]  Ly9¥6TSHT0 SS90V 6199011+0°0 °0d  L60LLLITO'O  9A1I0Y  [€86S€610°0  Aerdsiq IC
owre3 Qe
6£¥9L5020°0 O9PIA  [€9S9TCT0°0  IeNXH  SI€99LSHT 0 eSIa  SS16992+0°0 [eMIA - 65686L910°0 [euSIS  6£1LSL6100 XoL 0c
4d1 4d1 4d1 4d1 4dI
AdI-JL UeS]N  pIomASy -] L UBQIA  promAay -L UBQJA  pIOMADY] -JL UBQJA  PIOMADY] -JL UBQIA  pIomAY] -IL UBS]N  pIomAdy]
G 10980D $ 19ISN]D € 109801D [N} 1 19ISN[D 0 IoIsn)  yuey

pringer

A s



449

407-452

Scientometrics (2022) 127

wnjep uon
PPECISBIO0  WBIEL  61G969C0°0 IoNreworq [9.T61120°0 9ZA[RUY  €6€L5S5€0°0  dIyd Aelly  €6GHpG6L0°0  9MedIpUL  8T68S610'0  SISA[RUY  THOLSSHIOQ -BWIOU] ]
uon
€8ETLIGIO0  AuooD LOEETO8T0'0  9PIAOI  S8T6E6ITO'0  98BW[  8S[S69SE00 LD 8L££6L080°0  ~odwied  €LSHER610°0 vaIy  €1EFI9FI0°0 9L €1
uon
11SPPS610°0 QuUIIRg  LZHS608C0°0  JUdSAId  9L1TTTT00 -Isodwo)  66L16LED0 opnded  1961L180°0 BIEQ  9906L8070°0  oldwes /zeOcLyl00  9RA Tl
ouonbas
TL9906610°0  AJUSPL  €66S€6870°0  10°lAns  898IHPTTO'0  OPIAOI  TEOI9ISEO'0 OPHOSMNN  TST8PLLS0'0  90vNS  OpI89IIZO0  SwSew] $9IyTevI00  Aplaold [
UONUAUL
6L00¥90T0'0  OPIAOId  [LOESE6CO0  IUSsAId  6I1ES6TETO0 D 6£1678€0°0 QL] L28T9S060°0 P OPOD  8LETETITO'Q SUISS0IL  9P6LISSIO0  10SUdS  Of
wo
S1909L£70°0  °ldwes  8796£620°0 S $8ESO0YCO0 -IGODIN  $9PEF8E0'0 POV $¥8TT0860°'0  99BHAOWI  9/G0TITTO0 Uewoads  $6/5//510°0  Aenry 6
uors
.moax.m
$889L6ETO0 TP 1D  678980€0°0 udD  18E61THI00 POV $T9€8S6£0°0 OPHOSNN  910S9€001°0  AIMUSPL  9¥078S920°0  2mmdeD 4668759100  [euSis 8
dejIns
€TEESLYTO0  SISA[UY  L6SETLIED0 woned  LEIOLSYTO'0  SWPNN  STLLETHOO 9qoId  9$9S96S01°0  PJBHIAM]  €678LITO0 1[0 $LP0LSIT00  AINSEIN L
proe
LLYLEYITO'0 poo[d  L£0980TEO0 IUOUNBALL  LETOLSKTO0  OWPAN  960£66EH00 UOHBULION]  GOEOLEROT OWMEP 9pO]  €TT8IT00 PD  6£T8LELIOO =N 9
9ITOEILTO0 1192 POO[d  LTISTHEYO'0  UODUAAUL  9S66H0STO0  [BUSIS  LF8665H0°0 [PPON  TTILPIETIO wmeq  [$T6vF0E0'0  ANSSLL  LLSTSSLIOO aseq S
apn
6LL60SLTO0  PIMND  6679TTIFO0  OSeasIA  S8SI68LTO0  SISA[BUY  H6LSEEE0’0-09[PNUOSIO  TEEOSOLYI'0  1onpoid  18L811€0°0 PXId $9¥0THSI0'0  An[eA 14
ordures
9IFEISTHEDD M I€EITSTSO0  IeOUBD  6T9TOLTENO [BIISOIOIG  GTIOEI690'0  OSEQEIRQ  HESEYIFSTO W[ G/S8S8YEN'Q WBIT  S6FS88810°0 dUILIAR( €
wo)|
S8%€98L50°0 ofew]  6£68587S0°0 UOISSAAXT  #1¥8680S0°0 [BI130[01T  66TTHLELO0 digDd  7L0T96S9T'0 1oMpoid  GI890L8€0°0  199[q0  T9816¥C00 o8N 4
LEVS886YC'0 °D  LESTR6¥LO0 WD  THIFO8EOI'0  oldwes  6166€1891°0  9ouenbas  8/65SEELT0 9poD)  LT18599S1°0 aew] 6LTELF9EO0  wmeq I
AQI-AL UBSN  PIOMADY JI-L UBRIN  PIOMADY I-AL UESN PIOMADY JI-L UBRN  PIOMAOY AQI-AL UBSN  promAoy JQI-AL UBSIN  PIoMASY JCI-AL UBSN PIomAdY uey
9 118N[) G 18N1) 22 N1 e) € 1Isn[) T Iasn) [ 18D 0 IasnD

(1v pue ABojouydaloig) sanjea 4gj-41 pue spiomLay jo synsay *r xipuaddy

pringer

As



407-452

Scientometrics (2022) 127

450

611988¢10°0 AnsSLL,  9ITIL6910°0 osed  p86616S10°0  AARUY  QTELLLITO0 9pOD  S9TYSHIE0'0 WD [BY  6LL06€STO0  189ndO  969L0110°0 I9PS 0¢
9¥6S88%710°0 daig €29201L10°0 dmRUwRD  TH6Y00910°0  I9sered  6081CCTTO0 WBIBL  SLOVOSEE00 depy  6p89GHSTO0  9ZA[BUY  6HSTIEITO0 UMM 6T
apraoxd Juowr 2ouonbas
ITEITOVI00IMMI [[9)  TITI0ELIO'0  UOBUSAUL  /0860910°0 -2INSLIN  €S6L£9CTO°0 PRV pLEI8EYED0 198()  ¥H08SSST00 duruIed  $0LS9YIT0°0 Insey 8T
I8TLEOSTO0  TeondO  TITSEELIO0 QUMW PEFFEINO0 Uewmads  [86LS0€T0'0  9ZIUBSIQ  LGTI606€0°0  dUIPsed  STESYSSTO0  PUORS  €/0F8SIT00  Puodes [T
Qe[ar
90TSSHS10°0 uonendod  126+¥8L10°0 [PAST  L8TILEITO0  PUOIDS  [6LSOSETO'0 UODEULIONU]  [[66570F0°0 1A oWl 966178S10°0  2mmed] GSHEOLITO0  $S901d 9T
[190 uon
TEI6LYSTO0  SISAlUY  /€95T810°0 o[dwes  8TI8LE9T00  PIPMIEd  SOYELYFTO0 31 STTITHPPO'0 PIOYSAIYL,  GTITS8STO0  -BWIONU[  GZGEOLIT00 dsudwo) 6z
uorn
9L8008ST10°0  -BWIOJU]  860%7S0610°0 Joump,  ¢66¢STLI00 RA  L66969¥T0°0 Aynuapt - G1/686910°0  SuluuEdS  €1SL8S10°0 Auo[o)  $616L110°0 nmwno ye
jonpoid sIsA[eue

TES8S6S10°0  SwiSew] TI162610°0 osuodsay  78YI10810'0  199lAns  1688L7STO0 optaoid €969250°0  AnudpL  LTIFL09100 afew] QOTLOLIIOO 19Mpold €T
uon
-BuLIOjul Knuopt
206896S10°0  AeInid  9L19€610°0  SisouSelq  ¢LTLTT810°0 poold  €197S79200  dZUBSIO  [961L6¥SO'0 PANEIIPUL  T88I1910°0 [endid  €0L188110°0 #mdwod g
AT}

-votput
TIS6ET9T0'0 1199 WSIBL $T006S0T0°0 10121 STHSSESTO0 vud  €98786L20°0  dldweS  6p9OTOLSO'0  wmed  €8IS9T9TO0  AJDUSPI  6HEST6ZIO0 PO 1T
S0819ZLI00 30 6L0861120°0 ST SPEZTO610°0 SLAWO)  GEPTSESTO0 AL 9GOId  9STTILLSO'0 dPOOASUIS  €L4TETITO0 (8130101 SLO9GIEIN0  OMAWD 0T
uoney djeax Tepowx

ZISTISLI00 -ndod [[9D  689S68TTO0  UONUGAUL  TEEOLIGIO0 QUILIDPA  9L6T0S6Z00  seqeied  L6SOOYSY0'0  WdIPUL  OTHOSILIO0  AWeild STITHECIO0  SWIL 6l
88919SL10°0 RIS POSSEFETO0  IMMBIN  61¥TSTEI00 ased  99€9L80£0°0 Ke1y  8LySTSTLO0 oSUSS  €G98TELIOO  SS9001d  L9SOTIEIO0  weld 81
€68106L10°0 95eWI (19D 8L8T6LET0°0 S §SHLISEIN0 9RIUID  SLIESITEND uRl0Id  YIH896ZL0'0  PATEIPUL  [E610FST00 S LILOT6EIN0 SISAUY L]

1L90810°0  Mmjead €6I¥PSHT0O0  AJNUSPL  [OLIT6610°0 UOHIPUOD  p66SSIEE00 PIOB ORPIN  E€LFISIELO0  SuSUSS  [6€EL88100  AM[BA  99T1Z8HPIO0 Awemid 91
LSETSTRIO0 10919 8SYL6LITO0 APA  C10VELOTO0 9 P66SSILEO0  OWPIN  TSILSE6LO0  UOBIOd  8LOPS6IO0  UMIAD SSELSHIO0  dmmwad ST

AQI-AL UeSN  pIomASY AQI-AL UBRIN  PIOMASY JQI-AL UBSN PIOMASY JQ[-AL UN  PIOMASY JAI-AL UESN  PIOMADY AJQI-AL UBON  pIomAoy] JAI-AL ULSN PIOmAdY yuey

9 115N G 18N + 191Sn[D) ¢ IIsn) z s 1 1IN 0 18N

pringer

Qs



Scientometrics (2022) 127:407-452 451

Funding Not applicable.
Data availability USPTO patent data from Google Patent Datasets.

Code availability UCINET, Python custom code.
Declarations

Conflicts of interest The authors declare that they have no conflict of interest.

References

Athereye, S., & Keeble, D. (2000). Technological convergence, globalization and ownership in the UK com-
puter industry. Technovation, 20, 227-245.

Baek, S., Kim, K., & Altmann, J. (2014). Role of platform provider in service network evolution: the case of
Salesforce.com AppExchange. In 2014 IEEE conference on business informatics, Geneva, Switzerland,
Jul. 39-45.

Bishop, C. M. (2006). Pattern recognition and machine learning. Springer.

Borgatti, S. P., Everett, M. G., & Freeman, L. C. (2002). Ucinet 6 for windows: software for social network
analysis. Analytic Technologies.

Borgatti, S. P., Everett, M. G., & Johnson, J. C. (2013). Analyzing social networks. SAGE Publications.

Brynjolfsson, E. Rock, D., & Syverson, C. (2017). Artificial intelligence and the modern productivity paradox:
a clash of expectations and statistics. National Bureau of Economic Research. NBER Working Paper No.
24001. http://www.nber.org/papers/w24001

Burnham, K. P., & Anderson, D. R. (2002). Model selection and multi-model inference: a practical informa-
tion-theoretic approach. Springer-Verlag.

Choi, J. Y., Jeong, S., & Kim, K. (2015). A Study on diffusion pattern of technology convergence: patent analy-
sis for Korea. Sustainability, 7, 11546-11569.

Curran, C. S., & Leker, J. (2011). Patent indicators for monitoring convergence - examples from NFF and ICT.
Technological Forecasting and Social Change, 78(2), 256-273.

Deloitte. (2016). The expansion of Robo-advisory in wealth management. 8/2016, 1-5.

Deloitte. (2018). State of Al in the Enterprise. 2nd Edition, 1-25.

Freeman, L. C. (1979). Centrality in social networks conceptual classification. Social Networks., 1(3), 215-239.

Fujii, H., & Managi, S. (2018). Trends and priority shifts in artificial intelligence technology invention: a global
patent analysis. Economic Analysis and Policy, 58, 60—-69.

Hagedoorn, J., & Cloodt, M. (2003). Measuring innovative performance: is there an advantage in using multiple
indicators? Research Policy, 32(8), 1365-1378.

Han, E. J., & Sohn, S. Y. (2016). Technological convergence in standards for information and communication
technologies. Technological Forecasting and Social Change, 106, 1-10.

Harhoff, D., Narin, F., Scherer, F. M., & Vopel, K. (1999). Citation frequency and the value of patented inven-
tions. Review of Economics & Statistics, 81,511-515.

Houlton, S. (2018). How artificial intelligence is transforming healthcare. The Prescriber, 29(10), 13—17.

Huang, J. (2017). An analysis of the intellectual structure of the cloud patents of SaaS. Technology Analysis and
Strategic Management, 29(8), 917-931.

IDC. (2020). Worldwide Artificial Intelligence Software Forecast. 20202024, Aug.

Jackson, M. O. (2008). Social and economic networks. Princeton University Press.

Kim, J., & Lee, S. (2017). Forecasting and identifying multi-technology convergence based on patent data: the
case of IT and BT industries in 2020. Scientometrics, 111, 47-65.

Kim, E., Cho, Y., & Kim, W. (2014). Dynamic patterns of technological convergence in printed electronics
techniques: patent citation network. Scientometrics, 98, 975-998.

KIPO. (2018). https://www.kipo.go.kr/kpo/HtmlApp?c=33001&catmenu=m06_07_06

Kose, T., & Sakata, I. (2019). Identifying technology convergence in the field of robotics research. Technologi-
cal Forecasting & Social Change, 146, 751-766.

Kwon, O., An, Y., Kim, M., & Lee, C. (2020). Anticipating technology-driven industry convergence: evidence
from large-scale patent analysis. Technology Analysis and Strategic Management, 32(4), 363-378.

Lee, D. H,, Seo, I. W., Choe, H. C., & Kim, H. D. (2012). Collaboration network patterns and research perfor-
mance: the case of Korean public research institutions. Scientometrics, 91, 925-942.

Lee, S., Kim, W., Lee, H., & Jeon, J. (2016). Identifying the structure of knowledge networks in the US mobile
ecosystem: patent citation analysis. Technology Analysis and Strategic Management, 28(4), 411-434.

@ Springer


http://www.nber.org/papers/w24001
https://www.kipo.go.kr/kpo/HtmlApp?c=33001&catmenu=m06_07_06

452 Scientometrics (2022) 127:407-452

Liu, J., Chang, H., Forrest, J. Y., & Yang, B. (2020). Influence of artificial intelligence on technological innova-
tion: evidence from the panel data of china’s manufacturing sectors. Technological Forecasting & Social
Change., 158, 120142.

Liu, L., Yang, K., Fujii, H., & Liu, J. (2021). Artificial intelligence and energy intensity in China’s industrial
sector: effect and transmission channel. Econometric Analysis and Policy, 70, 276-293.

McKinsey & Company. (2018a). Artificial intelligence-automative’s new value-creating engine. January, 1-32.

McKinsey & Company. (2018b). Notes from the Al Frontier insights from hundreds of use cases. April, 1-36.

Nystrom, A. (2008). Understanding change processes in business networks: a study of convergence in Finnish
telecommunications 1985-2005. Ph.D. Dissertation. Abo Akademi University Press. Finland.

Patel, E., & Kushwaha, D. S. (2020). Clustering cloud workloads: K-means vs Gaussian mixture model. Proce-
dia Computer Science, 171, 158-167.

PWC. (2018). The macroeconomic impact of artificial intelligence. February, 1-78.

Rosenberg, N. (1976). Perspectives on Technology. Cambridge University Press.

Schmoch, U. (2008). Concept of a technology classification for Country comparison. WIPO. June 1-15.

Tractica (2016). Top 15 use cases for artificial intelligence, practical Al use cases for big data, vision, and lan-
guage applications: strategic analysis and market outlook. pp.1-23.

Trajtenberg, M. (1990). A penny for your quotes: patent citations and the value of innovations. Rand Journal of
Economics, 21(1), 172-187.

Tseng, C., & Ting, P. (2013). Patent analysis for technology development of artificial intelligence: a country-
level comparative study. Innovation: Management, Policy and Practice, 15(4), 463-475.

Wang, Z., Cunha, C. D., Ritou, M., & Furet, B. (2019a). Comparion of K-means and GMM methods for contex-
tual clustering in HSM. Procedia Manufacturing, 28, 154-159.

Wang, Z., Porter, A. L., Wang, X., & Carley, S. (2019b). An approach to identify emergent topics of techno-
logical convergence: A case study for 3D printing. Technological Forecasting and Social Change, 146,
723-732.

Wartburg, I., Teichert, T., & Rost. K. (2005). Inventive progress measured by multi-stage patent citation analy-
sis. Research Policy, 34, 1591-1607.

WIPO. (2019a). WIPO Technology Trends 2019: Artificial Intelligence, pp. 1-154.

WIPO. (2019b). https://www.wipo.int/classifications/ipc/ipcpub/?notion=scheme&version=20190101

Yang, J., Ying, L., & Gao, M. (2020). The influence of intelligent manufacturing on financial performance
and innovation performance: the case of China. Enterprise Information Systems., 14(6), 812-832.

Yu, K. H., Beam, A. L., & Kohane, I. S. (2018). Artificial intelligence in healthcare. Nature Biomedical
Engineering, 2, 719-731.

@ Springer


https://www.wipo.int/classifications/ipc/ipcpub/?notion=scheme&amp;version=20190101

	Comparing technology convergence of artificial intelligence on the industrial sectors: two-way approaches on network analysis and clustering analysis
	Abstract
	Introduction
	Proposed methodology
	Research framework
	Data collection
	Formation of IPC co-classification network
	Extracting the hubs through network centrality analysis
	Extracting ties on the hubs through ego-network analysis
	Classification of dataset by industrial sector
	Keywords extraction through clustering analysis

	Dataset
	Analysis and results
	Results of network centrality analysis
	Results of ego-network analysis
	Results of clustering analysis
	Two-way approaches on network analyses and clustering analysis

	Discussion and conclusion
	Appendices
	Appendix A. Distribution of the degree and betweenness centralities
	Appendix B. WIPO IPC-technology concordance table (Schmock 2008)
	Appendix C. Results of DTM (document-term matrix) and LSA (latent semantic analysis)
	Appendix D. Top 10 Tie Value in Ego-network
	Appendix E. Results of keywords and TF-IDF values (Finance and AI)
	Appendix F. Results of keywords and TF-IDF values (Medical and AI)
	Appendix G. Results of keywords and TF-IDF values (Transport and AI)
	Appendix H. Results of keywords and TF-IDF values (Semiconductor and AI)
	Appendix I. Results of keywords and TF-IDF values (Game and AI)
	Appendix J. Results of keywords and TF-IDF values (Biotechnology and AI)

	References




